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Abstract
Presented is a highly stereoselective synthesis of Fragments A [C(13)-C(23)] and
BC [C(1)-C(12)] of tedanolide, a marine natural product which exhibits very potent
cytotoxicity. Model reactions of the coupling of these two fragments are also discussed.
The synthesis of Fragment A started from (S)-3-benzyloxy-2-methylpropional 5
(which corresponds to C-19 to C-21 unit of tedanolide). The epoxide unit at C-18 and C-19
was installed by Sharpless epoxidation. Two auxiliary-based stereoselective aldol reactions
established the four stereogenic centers from C-14 to C-17.
Synthesis of Fragment B started from (3S)-triethylsilyloxy-(2S)-methylbutanal 25
(which corresponds to the C-9 to C-12 of tedanolide). A Wittig reaction was carried out to
construct the double bond at C-8 and C-9. From Fragment B on, two routes have been
tested for the synthesis of Fragment BC. The linear route utilized three consecutive
stereoselective aldol reactions to establish the six stereogenic centers. Two of these aldol
reactions were carried out using the novel chiral reagent 37 derived from ephedrine recently
developed in these laboratories, which demonstrated the usefulness of this new reagent in
organic synthesis.
The convergent route involves the coupling of Fragments B with C to make
Fragment BC. Synthesis of Fragment C started from (S)-glyceraldehyde acetonide 60
followed by a stereoselective aldol reaction and alkylation. Model reactions for the B-C
coupling showed that the titanium-mediated aldol reaction could give the right
stereochemistry. The stereochemistry of the products (71 and 81) of the model coupling
reactions were assigned by NOE measurements and X-ray crystallography. In the process
of assigning the stereochemistry, an unusual 1,3-syn selectivity was discovered for the
samarium(II)-mediated Evans-Tischenko reduction.
Model reactions for the coupling of Fragments A and BC have been conducted. The
aldol reaction via the lithium enolate of model ketone 105 gave good selectivity and the
Mukaiyama aldol reaction via the enol ether derived 105 proceeded with excellent
selectivity.
In the last part of the thesis, the synthesis of a novel C3-symmetric chiral ligand and
its application to the Diels-Alder reaction is described.
OH
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J
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Chapter 1
Introduction
1.1 Isolation of Tedanolide
Tedanolide is a marine natural product isolated from sponge Tedania ignis by
Schimtz et al. in 1984.1,2 The sponge showed potent cytotoxicity and in vivo tumor
inhibition activity. The isolation process is shown in Scheme 1.1. Notice the extreme low
isolated yield of tedanolide, which suggests that it may be a metabolite of some
microorganism. 3
Scheme 1.1 Isolation of Tedanolide
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Figure 1.1 Structure of Tedanolide 1
The structure of tedanolide was first elucidated by the use of a combination
of high resolution mass (HRMS), infrared (IR) and nuclear magnetic resonance (1H
NMR and 13 C NMR) spectroscopy. Five partial structures were assigned. The whole
structure of tedanolide was determined without ambiguity by X-ray diffraction and the
structure was solved by direct methods and Fourier synthesis ( Figure 1.2). Tedanolide
crystallizes in the orthorhombic space group P2 12121, with cell dimensions (138 K) a =
16.084(7) A, b = 29.850(20) A, and c = 6.671(4) A.
OH
Figure 1.2 X-Ray Crystal Structure of Tedanolidea
aAll the hydrogen atoms of the methyl groups are left out for clarity. Note that the
numbering system used in this figure is for X-ray only and is different from the one
which is used throughout the thesis.
1.2. Biological Activity, Structural Features and Synthetic Challenges of
Tedanolide
Tedanolide is highly cytotoxic, exhibiting an ED50 of 2.5 x 10-4 in KB + and 1.6
x10 -5 gg / ml in PS++ . Cell-flow cytofluorometry analysis revealed that tedanolide causes
accumulation of cells in the S phase at concentration as low as 0.01 glg / mL.
Any attempt towards the total synthesis of tedanolide will inevitably face the
following four challenges: 1) there are three P3-hydroxyl carbonyl units embedded in the
molecule, which are sensitive to both acid and base. It is common for the macrolides to
have one or two such units. By having three such units in one molecule, tedanolide sets up
+ KB refers to a cell culture of a human carcinoma of the nasopharynx.
++ PS refers to in votro lymphocytic leukemia.
a record to the best of our knowledge and presents a new challenge; 2)the stereochemistry
of the epoxide unit needs to be installed correctly. This is challenging due to the
combination of the introduction of the correct stereochemistry and the sensitivity of the
epoxide; 3) there are twelve stereogenic centers along the skeleton of the molecule. The
efficient construction of these twelve stereogenic centers presents a major challenge; 4) The
density of stereogenic centers is unusually high. In fact, C-12 is the only sp 3 carbon which
has no substituent on it. This high density of stereocenters makes the retrosynthesis very
difficult since one can hardly dissect the molecule without worrying about whether the
stereochemistry can be installed correctly later.
Another interesting feature of tedanolide is its shape. It differs from many other
macrolides in that the site of lactonization is not near the end of the carbon skeleton.4 Thus
it has a "tail" sticking out of the elongated disk-shaped macrolide ring (length 9.0 A, width
5.5 A). This unique shape may have some important implications in terms of its activity.
The interesting biological properties, the extremely low natural abundance and its
unique structural features all make tedanolide an interesting and challenging target molecule
in organic synthesis.5
Another goal of the program is that new synthetic methodologies will be pursued in
connection to our total synthesis efforts.
1.3 Double Asymmetric Synthesis and Background of Macrolide Synthesis
The strategy of double asymmetric synthesis has become so important (and maybe
so "obvious" but only after it is demonstrated!) especially in the field of macrolide
synthesis where one encounters the challenge of acyclic stereocontrol. In fact the
importance of this strategy can never be overstressed. Since an excellent "classical" review
of double asymmetric synthesis has appeared 6 and several members of this group have
reiterated the theory in their theses, 7 ,8 it will not be repeated here in great details. To put
it in short, in the reaction of a chiral substrate with a chiral reagent, the use of an S or R
reagent with a large diastereofacial selectivity enhances the apparent facial selectivity in the
matched pair reaction and overrides it in the mismatched pair reaction. In this way, the
stereochemical course of the reaction is controlled by the chiral reagent. Thus, the double
asymmetric rule allows one to design the synthetic strategy which is potentially capable of
constructing any new stereo center or centers in a predictable and controlled manner.
Macrolide synthesis has taken great strides since the early 1980's. Massive efforts
in this synthetic pursuit have brought about new concepts, strategies and methods for the
construction of these structurally unique systems. Thanks to these great advances, this type
of "hopelessly complex molecule with its plethora of asymmetric centers" 9 are no longer
unconquerable to synthetic chemists. For the history of the synthesis of macrolides,
several excellent reviews are recommended. 10,11
Chapter 2
Planned Synthesis of Tedanolide
First, the lactone ring is opened to give the acyclic seco acid (Scheme 2.1). The
viability of the seco acid approach, first demonstrated by Masamune et al., 12 ,13 has been
used by many others with success. Whether the macolactonization of a specific seco acid
can proceed smoothly or not depends on many factors. The most important is the overall
conformation of the seco acid in question.4 , 9 , 14 , 1 5 Because of the extremely low
abundance of tedanolide, it is not possible to carry out any degradation studies. In other
words, no natural tedanolide is available to us to test the efficiency of the
macrolactonization of the fully protected seco acid by experimentation. However, after
inspection of the molecular model, it seems that the conformation of the fully protected seco
acid for macrolization to occur is available without too much strain. Now that so many
methodologies of macrolization are available, 1 6 , 17 we feel fairly confident that the
macrolactonization step should not be a major obstacle.
The next major disconnection is between C-12 and C-13. This leads to two major
fragments, Fragment A of the left part and Fragment BC of the right part. Since the C(14)-
Me and C(13)-OH are in a syn relationship, there is good reason to believe that the C(13)-
Me can direct the stereochemical outcome of the coupling reaction according to the Felkin-
Anh model. 18 The magnitude of such selectivity is usually high based on literature
precedents (see section 5.1). The right fragment can be disconnected between C-6 and C-7
into two smaller ones, namely Fragment B and Fragment C, to make the synthesis more
convergent. In this case, it is hoped that the ketone (Fragment C) can direct the
stereochemical outcome of this coupling. However, this type of selectivity is not very well
established and less well understood. These two coupling steps will be discussed in more
details later along the synthesis.
Any successful total synthesis of a macrolide molecule would require judicious
choice of the proper protective groups. 19 The highly oxygenated nature of such molecules
makes the protective group issue an especially challenging one. We chose to reduce all
three ketone carbonyl groups at C-5, C-l and C-15 to hydroxyl groups and protect them
as tert-butyldimethylsilyl (TBS) ethers. The other three secondary 3-OH groups are
protected as p-methoxybenzyl (MPM) ethers. The primary hydroxyl group, with which the
lactone is formed, is protected as a TBS ether. Selective deprotection of a primary TBS
ether over a secondary TBS ether is well precedented. All other hydroxyl groups which
exist transiently will be protected as either benzyl (Bn) ether or triethylsilyl (TES) ether.
Because of the epoxide unit, protective groups (e.g., pivalate) whose deprotection requires
strong reducing reagents (e.g., DIBAL-H, LAH) are inappropriate in the synthesis of
Fragment A.
Scheme 2.1 Retrosynthesis of Tedanolide
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Chapter 3
Synthesis of Fragment A
3.1 Synthesis of Aldehyde 15
The synthesis of Fragment A started with the known chiral aldehyde 5 (Scheme
3.1). A Wittig reaction was carried out to give the corresponding (E)-a,j-unsaturated ester
6. The (E)- isomer was the only isomer that could be isolated under the reaction conditions.
In contrast, when the stabilized ylide derived from triethyl 2-phosphonopropionate
[(EtO) 2 P(O)CH(Me)CO 2Et] reacted with aldehyde 5 (the Horner-Emmons-Wittig
reaction), a significant amount of Z-isomer (ca. 5 : 3) could be isolated.
Scheme 3.1 Synthesis of Aldehyde 15a
a
ON
Bn 0
b
,:,R
Bn
OH d
Bn
Yý%r OH
BnQ
BnoCCHO
9
e
Jinf K
14a R = MPM
14a R = MPM
14b R = TMS
Bn R 0 0 iPr
OTBS O
15a R = MPM 10
15b R = TMS
aReagents and conditions: a) Ph3P=C(Me)COOEt, CH 2C12 ; b) DIBAL-H, ether,
-78 'C, 93% for two steps; c) 20 mole% Ti(Oi-Pr)4, (-)-ethyl tartrate, t-BuOOH, -30 oC,
84%; d) (COC1) 2 , DMSO, - 78 oC, then Et 3N, -78 0 to 0 oC, CH 2C12, 100%; e) imid
auxiliary 10, n-Bu2BOTf, Et3N, then aldehyde, CH 2C12 , -78 to 0 oC, 85%; f) i. n-Bu3B,
LiBH 4 , THF, 0 'C; ii. TBS-Cl, DMAP, CH 2C12 , DMAP, 0 OC, 90% for two steps; iii.
NaH, MPM-Br, THF, 0 oC, 77 %; g) 03, -78 oC, Sudan III, MeOH-CH 2Cl 2, then Me2S,85%.
Ester 6 was transformed to allylic alcohol 7 with excess diisobutylaluminum
hydride (DIBAL-H). The epoxide unit was introduced by Sharpless asymmetric
epoxidation (AE) 2 0 , 2 1 to produce 8 with a selectivity of 11:1. The absolute
stereochemistry of the epoxide was assigned based on Sharpless's empirical protocol. The
hydroxyl group was then oxidized by Swern's procedure2 2 to afford aldehyde 9. The
chain was extended by a syn-selective aldol reaction. When the aldehyde was treated with
the Z (0)-boron enolate derived from oxazolidinone 10, aldol product 11 was obtained
with a ds of 9 : 1. This same transformation can presumably be carried out with the
mandelic acid-derived chiral reagent I, the first reagent of its type developed by Masamune
and co-workers. 2 3
OTES
After being stabilized by chelation with tributylborane, aldol adduct 11 was treated
with lithium borohydride to give the diol. The primary hydroxyl was selectively protected
with a TBS group. The secondary hydroxyl group was either protected by a TMS or MPM
(4-methoxybenzyl) group to afford 14a or 14b. The olefin was ozonized carefully to give
aldehyde 15 with the benzyl group intact. 24
There is another interesting feature worth mentioning. The net transformation from
11 to 15a is that an apparent anti-aldol product was obtained by the manipulation of the
vinyl group, a strategy which was first used in these laboratories.
3.2 Synthesis of Fragment A
With aldehyde 15 in hand it was time to assemble the whole Fragment A. The
boron enolate derived from oxazolidinone 16 reacted smoothly with aldehyde 15 to
provide the desired aldol adduct 17 with a ds of 11:1. The 13-hydroxyl group was then
protected as a TBS ether to afford 18. With this second aldol reaction done, it was time to
extend the chain of the molecule at the other end. To this end, the benzyl group was
removed by Raney nickel 2 5 and the resulting alcohol was oxidized to afford aldehyde 21.
The aldehyde reacted with the ylide generated from (ethyl)triphenylphosphonium bromide
by treatment of n-BuLi in the presence of HMPA 26 to introduce the Z -olefin unit to
provide 22, which serves as the fully protected Fragment A. Other conditions tried for the
generation of the ylide by KHMDS gave lower yield.
Scheme 3.2 Synthesis of Fragment A 22 a
Bn TMS 0
S OTBS
15b
a
Bn' TMSR O
Bn• • Xv
OTBS
b
Nop
17R=H
18 R = TBS
c
Xv
TMS(
CijT l C!
22 r
aReagents and conditions: a) imide auxiliary 16, n-Bu 2BOTf, Et3N, then aldehyde
15b, CH 2C12 , -78 to 0 'C, 78%; b) i. TBSOTf, 2,6-lutidine, CH2C12, 70%; ii. Raney Ni,
EtOH, r.t., 100%; iii. Swern oxidation, 98%; c) CH 3CH 2PPh3Br, n-BuLi, HMPA, then
aldehyde 21, THF, 69%.
- --
Chapter 4
Synthesis of Fragment BC
In this chapter, the synthesis of Fragment B will be discussed first. Then two
routes to the synthesis of Fragment BC will be presented: a linear route and a convergent
route. The assignment of stereochemistry to the model compounds will be followed.
4.1 Synthesis of Fragment B
The synthesis of Fragment B started with the known aldehyde 25 ( Scheme
4.1).27,28 A Wittig reaction was carried out to give the (E)-a,X-unsaturated ester 26. The
reaction was very slow in methylene chloride at room temperature but proceeded faster at
elevated temperatures in benzene. The geometry of the double bond was confirmed with the
corresponding aldehyde at a later stage. No (Z)- isomer could be isolated under the reaction
conditions. The ester was treated with DIBAL-H to yield the alcohol 27, which was
oxidized to the aldehyde 28 by Dess-Martin periodinane. 2 9 ,3 0
Scheme 4.1 Synthesis of Fragment B 28 a
TESO 0 TESO 0 TESO H
S H a OEt
25 26 27
TESO O
c H
28
aReagents and conditions: a) Ph3P=C(Me)COOEt, PhH, 60 0C, 91%; b) DIBAL-H,
98%; c) Dess-Martin periodinane, pyridine, CH 2C12 , r.t., quant.
The geometry of the double bond was confirmed by NOE experiment in the
following manner (Scheme 4.2 ). In all the three cases, the observed NOE are consistent
only if the geometry of the double bond is E. All of the observed NOE enhancement can
not be explained if the double bond geometry were Z.
Scheme 4.2 Confirmation of the double bond geometry by NOEa,b
when C(9)H was irradiated:
16%
TESQ H H
12 1,Me --1.9 %
TESO H
OH
TESO H 0
H
TI
not likely
when C(10) H was irradiated:
-1.5 %
2.6 %
E- H H
Me R Me
TESO
R =
H H
Me.
R %  O
H Me
2.1%
not likely
when C(8)-CH 3 was irradiated:
2.1%
H H
H 8
Me R Me
Me -
H O
2.1 %
H H
Me.
H Me
4.5 %
not likely
aThe NOE's were measured at room temperature in C6D6. bSee the experimental for
the details of NOE measurements.
4.2 Linear Synthesis of Fragment BC
The skeleton of the molecule was extended by a syn-selective aldol reaction
between aldehyde 28 and chiral reagent 29 31 in the normal fashion to afford 30. The
auxiliary was removed via lithium borohydride reduction 3 2 to afford diol 31. The diol
was transformed to acetal 32 with a catalytic amount of mild acid PPTS with the acid-
sensitive TES group intact. The regioselective reduction of the acetal was effected by
DIBAL-H at 0 'C to produce the free primary alcohol 33. Note that this procedure of
introducing the MPM protective group is not applicable to the one installed in Fragment A
since the epoxide unit can also be destroyed by DIBAL-H. This illustrates the point
mentioned earlier (section 1.2) that the epoxide unit puts an extra challenge in the synthesis.
The .primary alcohol 33 was then oxidized with Dess-Martin periodinane to afford
aldehyde 34. Notice that pyridine was added to keep the acid-sensitive TES group intact
since acetic acid was liberated in the reaction.
Scheme 4.3 Synthesis of Aldehyde 34 a
TESO 0
H +
a
28 29 30
MP
TESO OH H TESO Ob c d
31 32
TESQ MPMQ H TESO MPMQO
1- - 2
33 34
aReagents and conditions: a) reagent 29, n-Bu 2BOTf, Et3N, then aldehyde 28,
CH 2C12, -78 to 0 oC, 90%; b) LiBH 4, H2 0, ether, 0 'C, 71%; c) dimethyl acetal of p-
anisaldahyde, cat. PPTS, CH2C12 , 85%, 5% recovered st.m.; d) DIBAL-H, CH2C12 , 0
'C, 87%; e) Dess-Martin periodinane, pyridine, CH2C12, r.t., quant.
We were pleased to find that the ephedrine-derived chiral reagent 37 recently
developed in these laboratories3 3 can be used in the synthesis of the fragment. Ester 37
was treated with 2 equivalents of dibutylboron triflate and 3 equivalents of Hunig's base at
low temperature to give the corresponding Z(O)-enolate. The enolate reacted smoothly with
aldehyde 28 to produce the aldol product 38 with a 96:4 ratio in good yield (Scheme 4.4).
The auxiliary can be removed either by LiBH4 or DIBAL-H to give the diol, which was
identical (1H NMR and TLC) to the one produced with the chiral oxazolidinone reagent
29.
Scheme 4.4 a
O Ph
TESO 0
2a
+ H
28
b TESO HQ H
11 ' 7
317
3138
aReagents and conditions: a) n-Bu 2BOTf, i-Pr2NEt, -78 'C, 2 hrs, then aldehyde
28, 86%; b) DIBAL-H or LiBH4, >92% yield.
Next, another syn- selective aldol reaction between aldehyde 34 and the chiral
oxazolidinone reagent 29 was carried out to give aldol adduct 39 (Scheme 4.5). The 3-
hydroxyl group was protected as a TBS ether to give 39a. This time the auxiliary was
removed in a two-step manner: transesterification followed by reduction. Adjustment of
oxidation state at C-3 in a standard manner provided aldehyde 42.
o
Me NNe
37
TI
Scheme 4.5a
TESQ MPMQ 0 TI
H 
34 b 39 R=H34 b 39a R = TBS
TESQ MPMQ O H d TESO MPMO O Oc 3y
11 - -
41 42
aReagents and conditions: a) chiral reagent 29, n-Bu 2BOTf, Et3N, then aldehyde
34, CH2 C12 , -78 to 0 'C, quant.; b) TBSOTf, 2,6-lutidine, -20 'C, CH 2C12 , 80%; c) i.
BnOLi, THF, 0 'C, 81%; ii. DIBAL-H, ether; d) Dess-Martin periodinane, pyridine,
CH 2C12 , r.t., 80% for two steps.
Gratifyingly, the ephedrine-derived chiral reagent 37 can be applied in the aldol
reaction again. When the boron enolate derived from chiral reagent 37 reacted with
aldehyde 34, the aldol product 44 was obtained in 60% yield with a ds of 93:7 (Scheme
4.6). This reactivity was very high considering the fact that the auxiliary has to override the
selectivity of the a-chiral center of the aldehyde. 3 4 The identity of aldol adduct 44 was
confirmed by transformation to alcohol 41 in two steps: protection of the hydroxyl group
and removal of the auxiliary. Proton NMR of this alcohol was identical to that obtained via
chiral oxazolidinone reagent 29.
It should be emphasized that the ready availability of the auxiliary group, the ease
of the operation, and the mildness of the boron aldol reaction render this methodology (use
of 37) advantageous and practical, as demonstrated above.
Scheme 4.6a
TESQ MPMQ O
+ H
34
44R=H
45 R = TBS
TESO MPMO OTBS
OH
41
aReagents and conditions: a) n-Bu2BOTf, i-Pr2 NEt, -78 'C, 2 hrs, then aldehyde
34, 72%; b) i) TBSOTf, 2,6-lutidine, CH 2C12, 0 'C, 86%; ii) DIBAL-H, -78 'C, CH 2C12 ,
90%.
The remaining task is to put two more carbon atoms along the skeleton of the
molecule and establish two new stereo centers. Note that the ac- position requires a
hydroxyl substituent instead of a methyl as in a "normal" aldol pattern.
O0 Ph
0i\\\
N,
N.'
a b 00-
OH O
H 0OH
Me
" normal" aldol product
OH O
- OH
OP
, f3-oxygenated carbonyl unit
P = protective group
There are several possible ways to accomplish this task. One possible sequence
involves generation of (Z)- allylic alcohol X (Scheme 4.7) and then chemoselective
epoxidation via Sharpless epoxidation of X to give XI. Careful epoxide ring opening 3 5
would lead to triol XII. Differentiation of all the three hydroxyl groups, however, would
be tedious at best.
Scheme 4.7
TESO MPMO OK  O
step a
H42
42
TESO MPMO Q
OH
X
TESO MPMO O
Step b
OH
XI
TESO MPMO OK5 OH
step c
OH
OH
XII
The other possible alternative route involves the generation of the (E)-ot,13-
unsaturated ester XIII (Scheme 4.8 ). The Sharpless dihydroxylation 3 6 , 3 7 (step b),
however, would suffer a regioselectivity problem since there is a more electron-rich double
bond [C(8)=C(9)] in the molecule.
Scheme 4.8
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With the above uncertainties about these two possible alternatives it is thought that
an aldol-type transformation could be a more efficient route to accomplish this task (to put
two more carbon atoms along the skeleton of the molecule and establish two syn hydroxyl
groups as new chiral centers). But there are fewer auxiliaries which can achieve a high
enough selectivity in this type of transformation.
It is known that reagent 50b (R = OBn, Scheme 4.9) behaves "normally" in terms
of giving syn selectivity. In other words, both the simple diastereoselectivity (the syn/anti
selectivity ) and the diastereofacial selectivity of 50b are the same as those of 29 (R =
Me). It was found, however, that when R = OTBS (50c), the enolization is sluggish and
the diastereoselectivity is low. This is not so surprising considering the bulkiness of the
TBS group. Compound 50a (R = OMPM) is a less common reagent. In the only two
examples in the literature when 50a was utilized in boron-mediated aldol reactions, 3 8 ,3 9
both syn- and anti- selectivity were observed.
Model reactions were carried out to secure the desired selectivity (Scheme 4.9).
Chiral reagent 50a was enolized with dibutylboron triflate in toluene and was allowed to
react with isobutyraldehyde to give a single isomer 51. The product was reduced to give
the corresponding diol, which was transformed to acetonide 53. NOE and coupling
constants confirmed the syn relationship between C(3)-OR and C(2)-OMPM (Scheme
4.10).
Scheme 4.9 a
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aReagents and conditions: a) imid auxiliary 50a, n-Bu 2 BOTf, Et 3N, then
aldehyde, toluene, -45 'C, 88%; b) i. LiBH4 , 88%; ii. Me2C(OMe) 2, cat PPTS, 99%.
Scheme 4.10
H-
O 'O Me
ý2A. Phi-Pr O J2, 3 = 1.8 Hz in CDC13
MPMO O
51
9.0%
i-Pr 3 1
OMPM
J2,3 = 2.2 Hz
Jla, 2 = 3 Hz
J10, 2 = 2.6 Hz
With the diastereoselectivity of chiral reagent 50a confirmed by the model reaction,
it was decided to carry out the corresponding aldol reaction with our intermediate 42. It
was found that the aldol reaction between the aldehyde 42 and 50a proceeded smoothly to
provide the aldol adduct 55 in 76% yield ( Scheme 4.11 ). The P3-hydroxyl group was then
transformed to the methyl ether.4 0 The TES group at C-11 was selectively removed with
HFopyridine to give alcohol 57. The hydroxyl group was oxidized to give methyl ketone
58, which serves as the fully protected Fragment BC.
Scheme 4.11 a
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aReagents and conditions: a) chiral reagent 50a, n-Bu2BOTf, Et3N, then aldehyde
42, toluene, -45 'C, 76%; b) i. Me3 0BF4 , proton sponge, CH2C12, 80%; ii. HF*Pyr.,
THF, r.t., quant.; c) Dess-Martin periodinane, pyridine, CH2C12 , r.t., 90%.
4.3 Synthesis of Fragment C
The synthesis of Fragment C started with the known (s)-glyceraldehyde acetonide
60.41-43 Attempted synthesis of the glyceraldehyde via oxidation of the corresponding
alcohol by either Swern or Dess-Martin procedure yielded only impure product. The
aldehyde was later synthesized with high purity from readily available (L)-ascorbic acid
according to the literature procedure. 41,42 The sensitivity of this aldehyde calls for caution
during preparation and storage.
Glyceraldehyde 60 reacted with boron enolate derived from chiral reagent 16 to
give the syn- aldol adduct 61 ( Scheme 4.12). The next three steps were carried out in a
similar fashion as before: removal of the auxiliary, differentiation of the primary and
secondary alcohols and oxidation of the primary alcohol. Addition of ethyl Grignard
~c~OlS ~aS
reagent to aldehyde 65a afforded a mixture of diasteroisomers at C(5). The isomeric
mixture was oxidized to afford ethyl ketone 70, which serves as protected Fragment C.
Scheme 4.12 Synthesis of Fragment C 70 a
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OH a
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64b R = Me
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Fragment C
70a R = MPM
70b R = Me
aReagents and conditions: a) i. H2 ( >50 psi), Pd/C, EtOH, 55-60 "C; ii. 2,2-
dimethoxypropane, cat. TsOH; iii. NalO4, pH 5.5, H2 0, 86-90% crude, 60% after
distillation; b) reagent 16, n-Bu 2BOTf, Et3N, then aldehyde, CH 2C12, -78 to 0 oC, 85%;
c) i. LiBH 4 , H20, ether, 0 "C; ii. dimethyl acetal of p-anisaldahyde, cat. PPTS, CH 2C12,
overall 74% for two steps; iii. DIBAL-H, CH 2Cl 2 , 0 "C, 85%; d) i. Dess-Martin
periodinane, CH 2C12 ; e) i. EtMgBr, THF, -78 OC to 0 "C; ii. (COC1) 2, DMSO, - 78 "C,
then Et3N, -78 o to 0 oC, CH 2C12, overall 82% for three steps.
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4.4 Model Studies of Coupling of Fragments B and C
The selection of the bond disconnection between C(6) and C(7) was based on the
following considerations. First of all, aldehyde 28 ( Fragment B ) does not have a- or P-
stereo centers. So it is expected to be a non-selective substrate. Indeed, when the aldehyde
was treated with an achiral boron enolate (enolate of diethyl ketone), an approximately 2:3
mixture of isomers was obtained. Secondly, the a- and/ or 0- chiral centers in the ethyl
ketone 70 may be able to direct the desired stereochemistry (the all-syn pattern) of the
coupling reaction based on literature precedents although such pattern of selectivity is not
well established.4 4
OH O OP
R R'
the all-syn patern
Several different types of aldol reactions have been tried and they fall into two
major categories: boron mediated aldol reaction and Lewis acid mediated aldol
(Mukaiyama-type aldol) reactions.
It was found after many attempts that the boron mediated aldol reaction between
ketone 70a and benzaldehyde yielded only a mixture which was intractable by NMR. The
ketone seemed to decompose upon treatment with dialkylboron triflate in methylene
chloride. A variety of dialkylboron triflates have been tried: n-Bu 2BOTf, 9-BBNBOTf, c-
Pen2BOTf and PhBC12 4 5 combined with either triethylamine or diisopropylethylamine in
CH 2Cl 2 . All of these gave similar discouraging results. However, when the ketone was
treated with c-Hex2 BCl / Et3 N, the presumed E(O)-boron enolate reacted with
benzaldehyde smoothly to give a 9:3:1 mixture of isomers. It was found that one isomer
was the anti aldol product and the other is the syn aldol product.
L2BO OMPM
E (0)- boron enolate
After the successful formation of the sodium enolate was confirmed (vide infra), it
was attempted to generate the corresponding boron enolate by metal exchange.
Unfortunately, when the sodium enolate was treated with n-Bu 2BOTf and subsequently
with benzaldehyde, little aldol product was found.
The corresponding Mukaiyama aldol reaction gave more promising results. When
ketone 70a was treated with sodium hexamethyldisilazane (NaHMDS) at -78 'C followed
by trimethylsilyl chloride (TMSC1), only one enol ether was formed (by 1H NMR) which
was assumed to be the Z(O)-enol ether4 6 . When this enol ether was treated with
benzaldehyde and boron trifluoride etherate at low temperatures, the aldol reaction
proceeded smoothly to afford the P-hydroxyl carbonyl product 71 with a ds of 98 : 2. The
major isomer was the one shown in Scheme 4.13. The details of stereochemical
assignment of this isomer and all others will be discussed in details later in Section 4.5.
TMS OMPM TNI
0- 0
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Scheme 4.13 BF 3*OEt2 Mediated Mukaiyama Aldol reaction of Ketone 70a
O OMPM
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-78 'C, then TMSCl
2. PhCHO, BF 3.OEt 2,
-78 oC
70a
The selectivity of the above Mukaiyama aldol reaction deserves some comment.
First of all, the selectivity is very high. This is in contrast to a close example reported
recently, where an overall ds of 59:41 was observed (eq 4.1).47 Second, while the effect
of the a-stereo center in a chiral aldehyde is well known as the Cram's rule4 8 or Felkin-
Anh model, 18 the effect of the a-stereogenic center of a chiral ethyl ketone is, however,
not well understood at all. More research efforts should definitely be directed to the better
understanding and establishment of a empirical rule of the effect of the a-stereogenic center
of chiral ethyl ketones.
TMS TBS
-R
BF3*OEt2,
-78 oC
ON+ i-PrCHO
OH 'BS
R
HO OTBS
+ R
41 : 59
When ketone 70a was treated with lithium 2,2,6,6-tetramethylpiperidide (TMPLi)
at -78 oC followed by trimethylsilyl chloride (TMSC1), two enol ethers were formed (by 1H
NMR) with a E : Z ratio of 4 : 1. When this enol ether mixture was treated with
eq (4.1)
benzaldehyde and boron trifluoride etherate at low temperature, three aldol products were
detected with a ratio of 6: 2: 1. The major isomer was the one shown in Scheme 4.14.
Scheme 4.14
1. 1V lNNA, II1r, -8,C-L
then TMSC1
2. PhCHO, BF 3*OEt2 , -78 oC
+ isomers
When ketone 70a was treated with titanium tetrachloride and Hunig's base
followed by benzaldehyde at low temperature, the aldol reaction proceeded smoothly to
afford two P-hydroxyl carbonyl products with a 90 : 10 ratio. The major isomer was the
one shown in Scheme 4.15, which represents the desired all-syn pattern. It was found that
Sn(II)-enolate generated from Sn(OTf)2/Et3N gave a similar result.
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Scheme 4.15 TiC14 Mediated Mukaiyama Aldol reaction of Ketone 70a
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The observed selectivity in the Ti-mediated aldol reaction can be rationalized by the
following transition state model as shown in Figure 4.1. It is believed that the metal
chelates with the electron-rich OMPM ether oxygen to form a conformationally rigid
complex. The aldehyde then comes from the less hindered side ( away from the R and Me
groups) to give the all-syn product.4 9
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4.5 Stereochemical Assignment to the Products of Model Coupling
The stereochemistry of the major isomer 71 obtained via BF30OEt2-mediated aldol
reaction shown in Scheme 4.13 was proven in the following manner. There are four
possible isomers coming out of the reaction, which are shown below.
Chart 4.1
H OMPM OH OMPM
Ph 7  0 Ph 7 •
A syn B syn
C anti D anti
Although it is very unlikely that an anti aldol adduct would have been obtained
under the Mukaiyama aldol conditions using a non-chelating Lewis acid BF 3*OEt2 , it was
decided to confirm the syn relationship between C(6)-Me and C(7)-OH. To this end, the
ketone functional group in aldol adduct 71 was reduced with DIBAL-H to give selectively
the C(5)- and C(7)-syn diol, which was transformed to acetal 73 (Scheme 4.16). NOE
measurements and coupling constants revealed that C(5)-OR, C(6)-Me and C(7)-OR are all
syn to each other. So this confirms that i) the DIBAL-H reduction was a syn selective
reduction;50 ii) the aldol reaction was a syn selective aldol as expected. In other words, the
possibility of anti isomers C and D is eliminated.
Scheme 4.16a
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aReagents and conditions: a) DIBAL-H, THF, -78 'C, 100%; b) p-
MeOC 6H4 (OMe) 2, cat. PPTS, 90%.
The absolute configurations of compound 71 at C(6) and C(7) still needs to be
determined (either A or B). To this end, the aldol product 71 was treated under the Evans-
Tishchenko+ reduction condition5 1 to give the 1,3-diol 74 (Scheme 4.17). Oxidation of
the MPM group with DDQ and simultaneous acetal formation in anhydrous conditions gave
cyclic compound 75. NOE measurements and coupling constants revealed that C(3)-OR,
C(4)-Me and C(5)-OR' are all syn to each other. Given that the absolute configuration of
+ The name is now spelled as "Tishchenko" nowadays
-
" I\
C(3) is known to be S as drawn, the absolute configuration of C(5) of 74 is deduced to be
R as drawn. In order to know the absolute configuration of C(7), it is necessary to know
the relative stereochemistry between C(7) and C(5), which was controlled by the Evans-
Tishchenko reduction step. At the time this experiment was carried out the expected 1,3-
anti selectivity (which means the C(5)-OR and C(7)-OAc in 74 are anti) was not checked
but was rather assumed. So the absolute configuration of C(7) of componuds 75 and 71
is deduced to be S as drawn.
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However, when later another syn isomer was obtained and subjected to the same
sequence (aldol-Tischenko reduction-oxidation of MPM), a puzzling result was obtained
(vide infra). So it was decided to check the selectivity of the Evans-Tischenko reduction.
Diol 72 was treated with DDQ under anhydrous conditions to give the cyclic acetal 77
(Scheme 4.18). NOE measurements and the coupling constant (J4,5) revealed the relative
configurations of C(3)-C(4) syn and C(4)-C(5) anti. Given that the absolute configuration
of C(3) is know as S, the absolute configurations of C(6) and C(7) are assigned to be R
and S, respectively.
Through this series of chemical correlations, the major product of the BF 3*OEt2-
mediated aldol reaction shown in Scheme 4.13 is assigned to be 71 with the absolute
configurations as drawn. And the Evans-Tishchenko reductin of 71 is 1,3-anti selective.
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The absolute configuration of the Ti-mediated aldol adduct 81 was determined
(Scheme 4.19) in a similar manner to that of 71. Once again, the syn relationship between
C(6)-Me and C(7)-OH needs to be confirmed although it is very unlikely that an anti aldol
adduct would have been obtained under the conditions used. First of all, the coupling
constant between C(6)H and C(7)H is small (3.9 Hz), suggesting the syn relationship
between them. Second, the ketone functional group in aldol adduct 81 was reduced with
DIBAL-H to give selectively the C(5)- and C(7)-syn diol, which was transformed to acetal
83 using DDQ oxidation. NOE experiments revealed that the acetal was 83a with the MP
group migrated and not the unmigrated 83b. Once again, NOE measurement and coupling
constants revealed that C(5)-OR, C(6)-Me and C(7)-OR' are all syn to each other. So this
confirms that i) the aldol reaction was a syn selective aldol as expected; ii) the DIBAL-H
reduction was a syn selective reduction. This eliminates the possibility of isomers C and D
shown in Chart 4.1
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The absolute configuration of 81 was once again determined by chemical
correlation and NOE measurements (Scheme 4.20). To this end, the aldol product 81 was
treated under the Evans-Tischenko reduction conditions to provide 1,3-diol 84. Oxidation
of the MPM group with DDQ and subsequent formation of acetal in anhydrous conditions
led to 85. NOE measurement and coupling constants revealed that C(3)-OR, C(4)-Me and
C(5)-OR in 85 are all syn to each other. Given that the absolute configuration of C(3) is
known to be S as drawn, the absolute configuration of C(5) is deduced to be as drawn.
In order to know the absolute configuration of C(7), it is necessary to know the
relative stereochemistry between C(7) and C(5), which was controlled by the Evans-
Tischenko reduction step. And here came the confusion and controversy. If the expected
1,3-anti selectivity (which means that C(5)-OR and C(7)-OAc are anti) were followed, the
Evans-Tischenko reduction product would be 84a and the oxidation product would be
85a. The overall effect is that the major product of the Ti-mediated reaction shown in
Scheme 4.15 would be 71. But this is impossible, since the NMR spectra clearly show that
the two products (71 and 81) derived from Scheme 4.13 and Scheme 4.15 respectively are
different! So it was suspected that the expected 1,3-anti selectivity in the Evans-Tischenko
reduction step may not have been followed.
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To test this suspicion, the ethyl acetate functional group in compound 84 was
hydrolyzed with K2 CO 3 to give the corresponding diol, which was then transformed to
acetal 87 as shown in Scheme 4.21. To our surprise, the NOE measurements showed that
C(7)-OR and C(5)-OR in 87 are syn to each other! So the absolute configuration of C(7)-
is deduced to be R as drawn. Through this series of chemical correlations, the major
product of the Ti-mediated aldol reaction shown in Scheme 4.15 is assigned to be 81 with
the absolute configurations as drawn.
Scheme 4.21
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Finally, after all the above NOE experiments, which may sound too confusing and
too tricky to believe the reliability of the results, it was decided to get more direct and
conclusive evidence to prove all the stereochemistry. To this end, enough material of
compound 75 was built up and crystals good enough for X-ray diffraction analysis (Rint =
0.0455, for details see Appendix A) were obtained. Shown in Figure 4.2 is the X-ray
crystal structure of compound 75, which confirmed the structure without any doubt.
I
Figure 4.2 X-ray crystal structure of compound 75a
cr)
(T~
aAll the hydrogen atoms of the methyl groups are left out for clarity. Note that the
numbering system used in this figure is for X-ray only and is different from the one
which is used throughout the thesis.
UU Cr
A •
There are several interesting features associated with the crystal structure. First, the
,MP
., , ,-107O
J3,4 = 2.1 Hz
J4,5 = 1.8 Hz
Structure predicted previously by NOE.
overall shape of the skeleton of the molecule is almost zig-zag. It is amazingly close to the
zig-zag chain which one would normally draw out of habit for this type of polyketide
molecules. Second, the six-membered acetal ring indeed adopts a chair conformation as
indicated by the NOE measurements and coupling constants as previously drawn in
Scheme 4.17. And this can be easily seen when the molecule is viewed from a different
angle as shown in Figure 4.3. In this chair conformation, the two larger substituents (R1
and R2) occupy the equatorial positions and the methyl group adopts an axial position. Two
of the hydrogen atoms occupy the axial positions and one takes an equatorial position.
Last, the two aromatic rings are placed with a 750 angle, which is better viewed in Figure
4.4.
3-_/o '/11
Figure 4.3 X-ray crystal structure of compound 75a,b
aIn the first picture, all the hydrogen atoms are left out for clarity. In the second
picture, only the hydrogen atoms (labeled with "H") on the acetal ring are shown. In both
pictures, the six-membered acetal ring is shown in the dotted face. The methyl group on the
ring is labeled with "C".
bThe images are generated by Chem-3D program based on the coordinates obtained
by X-ray diffraction.
Figure 4.4 X-ray crystal structure of compound 75a,b
aOnly the hydrogen atoms on the stereogenic centers are shown and are labeled
with "H". All the oxygen atoms are labeled with "O". The angle between the two aromatic
rings is 750
bThis image is generated by Chem-3D program based on the coordinates obtained
by X-ray diffraction.
The 1,3-syn selectivity in the above Evans-Tishchenko reduction of 81 is indeed
the first and only example known so far. And this result is important in at least the
following two accounts. First, because of the mildness of the reaction conditions and the
fidelity of 1,3-anti- selectivity, this methodology has been used by many to confirm the
stereochemistry without checking whether the 1,3-anti selectivity was actually followed.
Our result here shows that this assumption can sometimes be dangerous. Second, it may
help to understand the mechanism of the Evans-Tishchenko reduction. 5 2 -5 4 In their
original paper, the authors proposed the bicyclic transition state XX to explain the
selectivity (Scheme 4.21).51 The hydride was believed to be transferred intramolecularly.
Our result shows that there are pathways other than the one proposed by the authors to give
the 1,3-syn diol. Our speculation at this moment is that the neighboring stereogenic centers
made the conformation required in transition state XX not available. 5 5 And this hypothesis
should be easy to check. One only needs to permute all the neighboring chiral centers to
make ketones like XXI to XXIII (Chart 4.2) and then carry out the aldol reaction and the
Evans-Tischenko reduction to see if the same pattern of selectivity is followed. Studies
along this line should be carried out.
Scheme 4.21 Evans-Tischenko Reduction
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Chapter 5 Model Studies of Coupling of Fragments A and BC
5.1 Introduction
With the synthesis of both Fragments A and BC solved, it is time to tackle one of
the most challenging steps along the synthesis-- the coupling of the two fragments. The
coupling reaction involves a carbon-carbon bond formation between C(12) and C(13) and
the concurrent formation of one new stereocenter at C(13). Since the two fragments are
prefixed, the auxiliary strategy is no longer useful. The ideal solution is that there exists a
third indepeindent component (chiral of course) at one's disposal, whose selectivity is high
enough to direct the coupling to proceed in the desired manner. One popular class of such
third component is chiral Lewis acids. Shown in Figure 5.1 are some notable examples of
chiral Lewis acids which can catalyze/promote Mukaiyama aldol reaction between
aldehydes and silyl keteine acetals with good to excellent ee's 5 6 -6 1. But none of these are
active enough to catalyze the Mukaiyama aldol reaction between aldehydes and silyl enol
ethers while still maintaining high enough selectivity. This is due to the dramatic
reactivity difference between silyl ketene acetal and silyl enol ethers, an extremely important
fact often not greatly appreciated.
22
Fragments A and BC coupling
Figure 5.1 Selected Examples of Popular Chiral Lewis Acids
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Without the help of an external chiral component, one has to design the synthesis in
such a way that the existing stereogenic center(s) of at least one of the fragments can direct
the correct configuration(s) of the newly formed stereogenic center(s). Failure to do so
would inevitably lead to unpleasant results. 3 9 Our selection of disconnection between
C(12) and C(13) was based on the following considerations.
It has been known for a long time that the ao-stereogenic center of a chiral aldehyde
can have some effect on the stereochemical outcome of an aldol reaction, which was first
known as the Cram's rule 4 8 and now is known as the Felkin-Anh model. 18 62 When there
is no chelation involved, the syn product (the Felkin product) is the favored product as
shown in Scheme 5.1.
Scheme 5.1 Felkin-Anh Model
H
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In our case, the desired stereo relationship between C(14)-Me and C(13)-OMPM
are syn, and hence could be controlled by the aldehyde part (Fragment A , see below).
O
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Nu:
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It is also noted that the magnitude of such selectivity in the reaction between oa-
methyl substituted aldehyde and the methyl ketone is usually high. Shown in Scheme 5.2
are a few examples in accordance with Felkin's model. 6 3 -6 5 It is expected, therefore, that
the substrate (aldehyde) alone will be sufficient to provide the desired syn isomer.
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5.2 Possible Effect of P-stereogenic Center of Chiral Aldehyde
Recently, Evans and colleagues reported that the 3-stereogenic center in the chiral
aldehyde may also have some effect on the stereochemical outcome of the addition reactions
to aldehydes. 6 6 ,6 7 In the case of an aldol addition reaction, it was reported that when the
a- and 3-stereogenic centers are anti, they reinforce each other to give the Felkin product
usually with high selectivity. When the a- and 3-stereogenic centers are syn, they cancel*
each other out in terms of selectivity. The exact magnitude of the " 3-effect" depends on the
* The terminology of "cancel" instead of "mismatch" is used here. The word "cancel" is used when the two
stereocenters are in the same one molecule. The word "mismatch" is used when the two stereocenters are in
two different molecules. The same distinction is made between the words "reinforce" and "match".
structures of the substrates and the reaction conditions. Shown in Scheme 5.3 is a dramatic
case where the importance of the " n-effect" can be clearly seen.
Scheme 5.3 The " 3-effect" of Chiral Aldehydes
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This " n-effect" is rationalized to be of both electronic and steric origin. In the
favored transition state I, the heteroatom X is placed in the opposite direction of the
carbonyl group to minimize dipole-dipole repulsion. The nucleophile attacks from the less
hindered side as shown (Scheme 5.4) to afford the 1,3- anti aldol adduct. In the disfavored
transition state II, there is a gauche-gauche interaction between the carbonyl group and the
Rp substituent.
Scheme 5.4 Rationalization of the " 3-effect" of Chiral Aldehydes 6 6
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It is thought that the " 13-effect" may be utilized in our coupling of Fragments A
and BC to synthesize the seco acid of tedanolide. In our first plan of Fragment A, the
C(15)-OTBS and the C(13)-Me are syn, which may act to cancel each other in terms of
selectivity according to Evans' findings. So it was decided to make the isomer XV where
the C(15)-OTBS and the C(13)-Me are anti, which may reinforce each other to give higher
selectivity. Since the C(15)-OTBS is going to be transformed into a free hydroxyl and
finally oxidized to a carbonyl, the absolute configuration of C(15) does not matter at this
stage.
TMS 0
0
OTBS OTBSXV
5.3 Synthesis of Aldehyde 90
In order to test the above inference, it was decided to prepare both the anti-
aldehyde 90 and the syn- aldehyde 100 . The syn aldehyde 100 was synthesized by the
literature procedure. 6 7 The anti- aldehyde was prepared by Evans and colleagues with a
very low selectivity (71:29 of anti:syn when the titanium enolate of 4-benzyl-2-
oxazolidinone reacted with isobutyraldehyde). In our case, it was prepared (Scheme 5.5)
with an excellent d.s of 97: 3 thanks to the new anti- selectivity aldol methodology
developed in these laboratories. 6 8
1 j 5~;,Y J
90 100
The chiral reagent 91 was treated with 2 equivalent of dicyclohexylboron triflate
and three equivalent of triethyl amine to give presumably the corresponding E(O)-enolate,
which reacts with isobutyraldehyde to give aldol adduct 92 in 95% yield. After the P3-
hydroxyl group was protected as a TBS ether, the auxiliary was removed with either
DIBAL-H or LiBH 4 in good yields to give the corresponding alcohol. The alcohol was
then oxidized with PCC to give aldehyde 90.
Scheme 5.5 Synthesis of Aldehyde 90 a
0
H +
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90
aReagents and conditions: a) (c-Hex) 2BOTf (2 equiv.), Et 3N (2.4 equiv.), -78
'C, then i-PrCHO, CH2C12, 88%; b) TBSOTf, lutidine, 100%; c) i. DIBAL-H or LiBH 4,
92%; ii. PCC, CH 2C12 , r.t., 78%.
5.4 Synthesis of Ketone 105
Methyl ketone 105 was designed to be a truncated version of Fragment BC. It
should be noted that all the stereocenters and the geometry of the double bond in 105 are
exactly the same as in Fragment BC. Thus, it would be a very close model of Fragment
BC. The synthesis of ketone 105 is described in Scheme 5.6. The C-5 hydroxyl group of
compound 33 was protected as a pivalate ester and the TES group was the removed by
TBAF to give the free alcohol 107. In the final step the alcohol was oxidized to the ketone
105 by Dess-Martin's periodinane in quantitative yield.
Scheme 5.6 a
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aReagents and conditions: a) i. Piv-C1, CH 2C12 , 0 oC to rt., 95-100%; ii. n-Bu 4NF,
THF, rt., 93%; b) Dess-Martin periodinane, rt., 100%.
5.5 Model Coupling for Fragments A and BC
The model reactions of the coupling between aldehyde 90 (as a model of Fragment
A) and ketone 105 (as a model of Fragment BC) was then examined (Scheme 5.7). When
the lithium enolate was generated and allowed to react with aldehyde 90, a mixture of 13 :
87 isomers was obtained. The major isomer of the reaction is the same as the one obtained
via Mukaiyama aldol reaction shown later in Scheme 5.8.
Scheme 5.7 Model Reaction with anti-Aldehyde 90
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In the next experiment, the silyl enol ether 106 derived from ketone 105 was
allowed to react with the anti- aldehyde 90 in the presence of boron trifluoride at low
temperatures (Scheme 5.8). Gratifyingly, it was found that only one isomer could be found
within the limit of proton NMR detection.
TBSQ
Scheme 5.8
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The next obvious question to ask is: where does the extremely high selectivity come
from? Does it come from the aldehyde or the ketone or both? In order to answer that, each
of the chiral aldehyde and chiral ketone was allowed to react with a chiral substrate. It is
known that the selectivity of the reaction between chiral aldehyde 90 and achiral silyl enol
ether is very high (95: 5). When silyl enol ether 106 reacts with achiral isobutyraldehyde,
a 3 : 2 mixture was obtained ( Scheme 5.9). These results suggests that the high selectivity
obtained for the model reaction shown in Scheme 5.8 comes mainly from the aldehyde.
Scheme 5.9
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The silyl enol ether 106 derived from ketone 105 was allowed to react with the
syn- aldehyde 100 in the presence of boron trifluoride at low temperatures (Scheme 5.10).
Again, it was found that only one isomer could be found within the limit of proton NMR
detection.
Scheme 5.10
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Whether the C(14), C(15)-anti aldehyde will display higher selectivity than the
corresponding C(14), C(15)-syn aldehyde in the coupling of the two real fragments
remains to be confirmed. To find that out, the C(14), C(15)-anti aldehyde must be made
first. And thanks again to the recent advances in the development of new methodology, the
once difficult task of making anti-aldol units is not intimidating any more. In our case, there
are at least two methodologies at our disposal. The first route involves the new auxiliary 91
mentioned before. Under our standard conditions (Scheme 5.11), aldol adduct 17-anti
was obtained. This aldol will then be transformed to the final aldehyde 120.
Scheme 5.11 a
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aReagents and conditions: a) (c-Hex)2BOTf (2 equiv.), Et3N (2.4 equiv.), -78 °C,
then aldehyde 15a, CH2C12, 60%
a
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The other alternative is to utilize lactate-derived auxiliary 121 developed by
Paterson and colleagues (Scheme 5.12).69 ,7 0 The boron enolate derived from 121 reacted
smoothly with aldehyde 15a with good yield. Again the aldol product will be transformed
to the C(14), C(15)-anti aldehyde 120.
Scheme 5.12a
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aReagent and conditions: a) 121, (c-Hex)2BC1, Me2NEt, Et2 0, then aldehyde 15a,
70%, 16% recovered aldehyde.
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Chapter 6
A Novel Chiral C3-Symmetric Ligand: Synthesis and Its Application in the
Asymmetric Diels-Alder Reactions
6.1 Background
The way organic synthesis is practiced has been greatly changed in the last decade
largely due to the giant progress made in the development of asymmetric methodologies. 7 1
While chiral C2-symmetric ligands have enjoyed much success in asymmetric
synthesis, 72 ,7 3 chiral ligands of higher axial symmetry have basically remained
unexplored. Although the potential advantages of using higher symmetry ligands have
already been stated (namely, only one diastereomeric complex could be formed between a
C3-symmetric ligand and a metal of octahedral geometry, while two possible
diastereomeric complexes can be formed between a C2-symmetric and a metal of
octahedral geometry), 7 3 the only chiral C3-symmetric ligand which achieved high
enantiomeric excess (ee) is the one made by Nugent.74 Here we wish to record a new
ligand which upon complexing with titanium Lewis acid promotes Diels-Alder reactions
with good enantiomeric excess.
OH CH3
H
150
CH3
6.2 Synthesis of C3-Symmetric Ligand 150
The synthesis of ligand 150 is outlined in Scheme 1. Michael addition of the
cuprate 152 derived from para-methylanisole to the acyloxazolidinone afforded the desired
product 154 which was easily purified by column chromatography on large scale in over
95% diastereofacial selectivity. 75 The absolute configuration of the newly formed stereo
center was assigned as shown based on literature precedents. 75 Hydrolysis of the adduct
in the normal fashion gave acid 155 and the recovered auxiliary in almost quantitative
yields. Cyclization of the adduct was effected by polyphosphoric acid (PPA) 76 in
quantitative yield and the product was used in the next step without further purification.
The cyclized indanone 156 was reduced by zinc amalgam in 81% yield. Since the direct
addition of the indane 157 to dimethyl carbonate with nBuLi or nBuLi-tBuOK failed,77
halogenation of the indane was needed. The regioselective bromination was effected with
N-bromosuccinimide (NBS) in DMF at room temperature78 to give compound 158. The
position of the bromine atom was confirmed by a NOE experiment (see experimental for
details). The addition reaction went smoothly after the halogen-lithium exchange at low
temperatures. 7 9 Treatment of the protected carbinol 159 with triethylsilane and
trifluoroacetic acid gave compound 160 in good yield. Removal of the protective methyl
groups by boron tribromide afforded the desired Ligand 150.
Scheme 6.1 a
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aReagents and conditions: a) CuBr*SMe2 and 152, -120 C, >95% d.s., 81% ; b)
LiOH/H2 0 2, 00 C, THF/H20; c) PPA, 100 'C, 1.5h, 93%; d) Zn(Hg), HC1, EtOH/H 20,
reflux, 30 min, 84%; e) NBS, DMF, r.t., 10h, 98%; f) t-BuLi, THF, -78 OC, 20 min then
dimethyl carbonate, -78 'C to r.t., 80%; g) TFA, Et3 SiH, CH 2C12 , 0 0 to r.t., 30 min,
92%; h) BBr3, CH 2C12 , -78 0 to rt, 84%
The C3 symmetry of the ligand is confirmed by proton NMR and can easily be
viewed in the following three-dimentional picture.
a
o 0
H3C hN
Ph;--
Figure 6.1 3-D View of the Liganda
aAll the hydrogen atoms are left out for clarity. The three methyl groups on the
chiral centers are labeled with elemental symbol "C". Generated by Chem-3D program.
6.3 Application of the C3-Symmetric Ligand in Diels-Alder Reaction
With Ligand 150 in hand, its applications in asymmetric reactions were examined.
The Diels-Alder reaction was chosen because of its wide applications in organic
synthesis.80 The preliminary results are presented as the following.
The Diels-Alder reaction between oxazolidinone dieneophile 165a and
cyclopentadiene (eq 1) was carried out with a catalytic amount of the complex between a
titanium-species and Ligand 150. No reaction took place at 0 oC overnight when the "Ti
species" was Ti(OiPr)4 (eq 1). The reaction went smoothly in dichloromethane with 58%
ee and an endo / exo ratio of 10:1 in quantitative yield when Ti(Oi-Pr)3C1 was used as the
"Ti species". Encouraged by this result, we then briefly examined the effect of different
solvents. And surprisingly, no reaction took place when a donating solvent such as THF
was used. When the mixed solvent of toluene-hexane was used the ee increased to 62%.
To our knowledge this represents the first asymmetric Diels-Alder reaction catalyzed by a
C3-symmetric ligand complex with good ee. The absolute configuration of the product
166 was assigned to be 2S, 3R by comparison to literature data.8 1 When the dieneophile
165b was used, the ee dropped sharply to 17%.
O 0 20% Ti species
R + Ligand 150
165a R= Me 166a R= Me
165b R= H 166b R= H
Although the exact mechanism of the reaction is unknown, the stereochemical
outcome can be rationalized in the model below. We believe that chelation was involved
when the dieneophile complexed with the chiral titanium Lewis acid to form complex Ia as
shown in the following computer generated model (Figure 6.1). As one can see from the
model la, the C3-symmetric complex forms a nice asymmetric " pocket " similar to that of
the enzymes. The diene is expected to approach the dieneophile from the less hindered face
(the face opposite to the methyl group at the chiral center of the ligand) to give adduct (2S,
3R)-166a. The other possible spatial arrangement IIa is disfavored due to steric
interactions between the methyl group of the dieneophile and the substituents of the ligand.
When the dieneophile was 165b (R= H) however, the complex IIb is not as disfavored.
This complex would be expected to lead to the other isomer--hence much lower overall
selectivity for the reaction.
Another merit of this model is that it not only rationalizes the stereochemical
outcome of the reaction, but it also points out the direction of further improvements. As
mentioned above, the complex shows a very nice asymmetric "pocket", but the "pocket"
is shallow in nature. It is believed that the selectivity can be greatly improved if the
"pocket" is made deeper by changing the substituents of the ligand. We are currently
searching for such a second-generation ligand.
(1)
Figure 6.2a
aAll the hydrogen atoms are left out for clarity. The three methyl groups on the
chiral centers are labeled with elemental symbol "C". Heteroatoms (oxygen and nitrogen)
are labeled. The sixth ligand (which may well be Oi-Pr) attached to titanium is labeled with
"Du". The pictures are generated by Chem-3D program.
There are at least two challenges associated with C3-symmetric and higher axial
symmetric chiral ligands . One is that the metal center of the complex inevitably becomes
very crowded when the symmetry becomes higher. So it becomes challenging to not make
the complex too crowded which could prohibit the substrates from approaching the
catalyst. The other is how to control the conformation of the complexes since the rotation of
the substituents of the crowded complex may become difficult as the symmetry becomes
higher . For example, when ligand 150 was complexed with Lewis acids there are two
possible stable conformations as shown schematically in Scheme 6.2. With the help of
molecular models one can see that in one conformer III the methyl groups at the
stereogenic centers are close to the metal and hence close to the reaction center. This
conformer presumably will lead to higher selectivity due to better communication between
the asymmetric centers and the metal. In conformer IV these methyls are far away from
reaction center, which will presumably lead to lower selectivity.
Scheme 6.2a
V.
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T
IV
a The two comformers, III and IV of the complexes are represented schematically
(also see the 3-D model in Scheme 6.1). In conformer III the methyl groups on the chiral
centers are closer to the metal center while in conformer IV the methyl groups on the chiral
centers are further away.
In summary, a novel C3-symmetric ligand was designed and synthesized. The
ligand, upon complexing with titanium species catalyzes a Diels-Alder reaction with good
selectivity. In connection with ligand 150 another phenolic type tetradentate ligand 170
has also been synthesized in these laboratories.* We are now investigating the structure of
the complex and modifying the ligand to optimize the selectivity.
170
Recently, Hoppe and colleagues reported the asymmetric substitution of indene via
asymmetric deprotonation as shown below (Scheme 6.3).82 1-Methylindene was first
deprotonated by n-BuLi/(-)-sparteine in ether/hexane at low temperatures. Addition of
acychlorides or -in the presence of Ti(i-Pr) 4-aldehydes and ketones, yielded the 1-
substituted indenes with >95% ee. It is not difficult to imagine that the successful adoption
of this methodology (or its modified version) could greatly improve the efficiency and the
flexibility of synthesis of our C3-symmetric ligand.
* This ligand was prepared by Dr. Nori Tanimoto in our laboratories.
n-BuLi/(-)-sparteine
then EIX
IKxK
Me B
El = RCOCI, RCHO, Me 2 C-O
(S)-sparteine
Scheme 6.3
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Chapter 7
Experimental
General Information
All reactions were carried out in oven-dried (ca. 110 'C) flasks under an argon
atmosphere unless otherwise stated. All reagents were used as received unless further
purification is indicated. Common solvents used in the reactions were dried in the
following manner: THF and ether were distilled from sodium metal/ benzophenone ketyl.
Dichloromethane was distilled from calcium hydride. Pyridine, triethylamine and
diisopropylamine were distilled from calcium hydride and stored over KOH pellets at room
temperature.
Analytical and preparative thin layer chromatography (TLC) was performed on EM
Silica Gel 60 F254 (layer thickness 250 gm) plates. Flash chromatography was performed
according to Still's procedure. 7 1
Routine proton NMR spectra were recorded on either Varian XL-300, Unity-300
or Unity-500 spectrometers at room temperature. Chemical shifts are reported in ppm units
with the solvent resonance as the internal standard ( 8 7.27 ppm for chloroform-d and 8
7.16 ppm for C6D6). Data are reported in the following format: chemical shift (in ppm),
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, m = multiplet),
integration ratio, coupling constants (in Hz) and assignment when possible. 13C NMR
spectra were recorded with complete proton decoupling at room temperature. Chemical
shifts are reported in ppm units with the solvent resonance as the internal standard (8 77.23
ppm for CDCl 3 and 8 128.39 ppm for C6D6 ).
NOE measurement: The sample (ca. 5mg) was dissolved in deuterated benzene in a
NMR tube. The solution was then frozen to 0 OC and vacum-purged (argon) several times
to remove the dissolved oxygen. Special care needs to be taken to a) not irradiate the
neighboring peaks around the irradiated peak; b) allow long enough time for the nuclei to
relax. For a typical set of parameters please see the enclosure in Appendix B.
Mass spectra were obtained on a Finnegan MAT 8200 mass spectrometer by the
Spec Lab staff at the chemistry department of MIT. Analytical high performance liquid
chromatography (HPLC) was performed using a Waters Associate Model 660 solvent
programmer with Models 6000A and M-45 solvent delivery systems, a Model U6K
injector, a Model 440 absorbance Detector (set at 254 nm) and a Schimadzu C-R6A
Chromatopac integrator/plotter. Infrared (IR) spectra were recorded on a Perkin-Elmer
1600 series FTIR spectrometer. The absorption bands are denoted as s (strong), m
(medium), w (weak), or br (broad). Optical rotations were measured at ambient
temperature on a Perkin-Elmer 124 polarimeter at 589 nm.
Procedures For the Preparation of Individual Compounds
7.1 Synthesis of Fragment A
Bn Bn 0
CHO Ph 3P=C(Me)COOEt, CH 2C12  21 OEtW 17
5 6
To the aldehyde (4.51g, 25.3 mmole, note a) in 100 ml of CH2C12 was added the
ylide ( 11.92g 32.9 mmole, note b ) at 0 'C. After 2 hrs , the mixture was warmed to r.t
and stirred overnight. The reaction mixture was then diluted with hexane and the
precipitates were filtered off. The organic solution was concentrated and the resulting oil
was purified by flash column chromatography (1:15 / EtOAc: Hexane) to give the oj,P-
unsaturated ester (5.84g, 22.26 mmole, 88%).
Rf = 0.52 (1:4 / EtOAc : Hexane )
1H NMR (CDC13, 300 MHz): 5 7.31 ( m, 5H, aromatic), 6.57 (dq, 1H, J= 1.5
and 9.6 Hz, olefinic proton), 4.49 (s, 2H, CH2Ph), 4.17 (q, 2H, J= 7.2 Hz,
OCH2CH3), 3.35 (d, 2H, J= 7.0 Hz, C(21)H2, Tedanolide numbering), 2.83 (dq, 1H,
J= 9.3 and 6.6 Hz, C(20)HMe ), 1.84 (d, 3H, J= 1.47 Hz, C(18)CH3 ), 1.28 (t, 3H, J=
7.1 Hz, OCH2CH3), 1.02 (d, 3H, J= 6.8 Hz, C(20)CH3).
13 C NMR (CDCI 3): 8 168.30, 160.61, 144.33, 138.53, 128.45, 128.27, 127.61,
74.43, 73.14, 60.55, 34.06, 16.73, 14.43, 12.72.
HRMS (FAB): m/e calculated for C16H230 3 [M+H]+: 263.1647; found: 263.1645.
Note a: Aldehyde 5 was prepared from methyl (s)-(+)-3-hydroxyl-2-
methylproprionate in three steps: i) formation of benzyl ether with benzyl
tirchloroacetimidate and catalytic amount of triflic acid; ii) reduction of the ester by DIBAL-
H; iii) oxidation of the alcohol by Swern oxidation.
Note b: The ylide (Aldrich) was dissolved in chloroform, washed with water and
dried before use. The 1H NMR of the washed ylide was cleaner than that of the unwashed
one. The product derived from the unwashed ylide gave the product of lower optical purity.
Bn 0 Bn
DIBAL-H, CH 2CL 2, -78 °C
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To the ester ( 1 1.29g, 43.04 mmole) in 200 ml of CH2C12 was added the solution
of DIBAL-H in hexane ( 108 ml, 1.0 M, 108 mmole) slowly. After 30 min., the mixture
was warmed to 0 'C and stirred for I h. The excess DIBAL-H was carefully quenched with
MeOH, then 1 M solution of sodium potassium tartrate (120 ml ) was added. The mixture
was stirred at r.t until the two phases completely separated. The aqueous layer was
extracted with CH 2 Cl 2 twice. The combined organics were dried with MgSO4.
Evaporation of the solvent gave the allylic alcohol (9.49g, quant. yield).
Rf = 0.2 (1:4 / EtOAc : Hexane )
1H NMR (CDC13): 8 7.35-7.26 (m, 5H, aromatic), 5.24 ( dq, 1H, J= 1.5 and 9.3
Hz), 4.51 (s, 2H, PhCH 2), 3.99 ( d, 2H, J= 4.8 Hz, C(17)H 2 , Tedanolide numbering),
3.32 ( dd, 1H, J= 6.3 and 8.8 Hz, C(21)HH ), 3..28 (dd, 1H, J= 6.2 and 8.8 Hz), 2.74 (
dq, 1H, J= 2.7 and 7.2 Hz, C(21)HH), 1.69 (d, 3H, J= 1.5 Hz, C(18)CH 3 ), 1.00 (d,
3H, C(20)CH 3 ),
13C NMR (CDC13): 8 138.49, 135.50, 128.35, 128.31, 127.57, 127.53, 75.18,
72.89, 68.35, 32.63, 17.62, 13.90.
BnrO Sharpless Epoxidation Bn 17
S OH 21 "OH
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Activated molecular sieve powder (4 A, 2.5g ), (-)-diethyl tartrate (.43 ml, 2.50
mmole), Ti(OiPr)4 (0.95 ml, 2.0 mmole) and t-BuOOH (4.0 ml, 20.0 mmole) were mixed
in 80 ml of CH2 C12 at -25 'C (the temperature was controlled within 50 C by adding the
proper amount of dry ice to a acetone bath) and stirred for 20 min. The mixture was cooled
to -30 'C, then the CH 2 Cl 2 (30 ml) solution of the allylic alcohol was added via
cannulation. After 2 h, water (30 ml) was added and the mixture was warmed to r.t.. Then
12 ml of 2 N NaOH solution was added and the mixture was stirred for 30 min. The
mixture was filtered through Celite and the solution was extracted with CH 2Cl 2 three
times. The organic extracts were dried with MgSO4, concentrated, purified by column
chromatography (30% EtOAc in Hexane) to give the epoxide (1.39 g, 82%).
Rf = 0.49 (1:1 / EtOAc : Hexane )
1H NMR (CDC13): 8 7.31 (m, 5H, aromatic protons), 4.49 (s, 2H, PhCH 2 ), 3.65
(m, 1H, C(21)H), 3.43 (dd, 1H, J= 6.3 and 5.4 Hz), 3.35 (dd, 1H, J= 7.2 and 7.0 Hz),
2.84 (d, 1H, J= 8.7 Hz, C(19)H), 1.86 (m, 1H, C(20)H), 1.67 (br, 1H, OH), 1.30 (s,
3H, C(18)CH 3), 1.10 (d, 3H, J= 6.9 Hz, C(20)CH 3 ).
Bn OH  Swern Oxidation Bn
0 0
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To the oxalyl chloride (0.685 ml, 7.86 mmole) in 12 ml of CH 2C12 was added
DMSO (.93 ml, 13.1 mmole) at -78 'C. The mixture was stirred for 5 min before the
alcohol solution in 8 ml (including rinsing) of CH 2C12 was cannulated into the reaction
flask. The mixture was stirred for 20 min. before triethylamine ( 2.92 ml, 20.9 mmole)
was added. The mixture was stirred at that temperature for 10 min, then at 00 C for 10 min.
Saturated sodium bicarbonate solution was added. The mixture was extracted with ether
three times. The combined organics were dried with MgSO4 and concentrated to give the
aldehyde as a slightly yellow oil ( 1.23g, quant. yield).
Rf = 0.7 (30% EtOAc / Hexane )
1H NMR (CDC13): 8 8.86 (s, 1H, CHO), 7.30 (m, 5H, aromatic protons), 4.46
(d, 2H, J= 3.6 Hz, PhCH 2 0), 3.45 (dd, 1H, J= 9.3 and 4.8 Hz, C(21)HH ), 3.33 (dd,
1H, J= 7.8 and 9.3 Hz, C(21)HH ), 2.96 (d, 1H, J= 9.3 Hz), 1.43 (s, 3H, C(18)H 3),
1.17 (d, 3H, J= 6.9 Hz).
O iPr Bnn-Bu 2BOTf, Et3N
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To the imide (417 mg, 2.11 mmole) in 5 ml of CH 2C12 was added dibutylboron
triflate solution (1.0 M in CH 2C12 , 1.97 mmole) at -78 'C. After 50 min., the mixture was
warmed to 0 OC and stirred for 15 min.. The mixture was recooled to -78 'C before the
epoxy aldehyde (330 mg, 1.409 mmole) in 3 ml of CH 2C12 was added via cannulation.
The mixture was stirred at -78 'C for 30 min., then at 0 oC for 2 h. Saturated sodium
bicarbonate solution was added and the mixture was extracted with CH 2Cl 2 three times.
The combined organics were dried with MgSO4 and concentrated. The concentrated oil
was purified by flash column (30% EtOAc in Hexane) to give the aldol product ( 588.3
mg, 96%).
Rf = 0.3 (1:1 / EtOAc : Hexane )
1H NMR (CDC13): 8 7.32 (m, 5H, aromatic protons), 5.90 (ddd, 1H, J= 8.3, 10.3
and 17.1 Hz), 5.30-5.42 (m, 2H, olefinic protons), 4.73 (dd, 1H, J= 8.4 and 8.4 Hz),
4.49 (s, 3H, PhCH 2 0), 4.38 (app. hextet, 1H), 4.09 (m, 2h), 3.98 (dd, 1H, J= 4.5 and
7.9 Hz), 3.38 (d, 2H, J= 7.0 ), 2.79 ( d, 1H, J= 9.4 Hz, C(19)H), 2.29 (m, 2H), 1.80 (
dq, 1H, J= 6.5 and 9.0 Hz), 1.40 (s, 3H), 1.06 (d, 3H, J= 6.7 Hz), 0.86 (d, 3H, J=7.1
Hz), 0.81 (d, 3H, J= 6.8 Hz).
IR: 3484 (m, br), 3010 (w), 2964 (s), 2930 (s), 2872 (s), 1778 (s), 1697 (s), 1634
(m), 1486 (s).
HRMS (FAB): m/e calculated for C24 H3 3NO 6 [M+H]+: 431.2307; found:
431.2302.
Bn H 0 n-Bu 3B, LIBH 4  Bn H H
Xv N 21 15
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To the aldol adduct ( 1.84g, 4.26 mmole) in 10 ml of THF at 00 C was added the
THF solution of tributylborane (1.0 M, 4.68 ml, 4.68 mmole). The mixture was stirred for
2 hrs before the THF solution of lithium borohydride (2.0 M, 2.32 ml, 4.64 mmole) was
added. The reaction was stirred for 2-3 hrs and the excess lithium borohydride was
quenched with methanol. The mixture was then treated sequentially with pH 7 buffer (10
ml), MeOH (10 ml) and 30% hydrogen peroxide (2.6 ml, 23.2 ml). The mixture was
stirred at 0 OC for 30 min and then extracted with methylene chloride three times. The
combined organics were washed with brine and dried with magnesium sulfate. The
volatiles were rotavaped to give the crude oil. The crude oil was purified by flash
chromatography (50% EtOAc/ Hexane) to afford the diol as a thick oil (1.224g, 4.0
mmole, 94% , the product was sometimes contaminated with the other side product- the
cleaved auxiliary).
Rf = 0.25 (1:1 / EtOAc : Hexane )
1H NMR (C6D6 ): 8 7.25 (m, 5H, aromatic protons), 5.90 (ddd, IH, J= 8.5, 10.4
and 17.3 Hz olefinic proton), 5.06 (dd, 1H, J= 1.8 and 10.6 Hz), 4.98 (m, 1H, olefinic
proton), 4.22 (d, 2H, J= 1.6 Hz, PhCH 20), 3.52 (m, 1H), 3.42 (m, 1H), 3.12 dd, 1H,
J= 4.9 and 7.8 Hz), 3.05 (dd, IH, J= 7.8 and 7.8 Hz), 2.75 (m, 1H), 2.70 (d, 1H, J=
8.9 Hz, C(19)H), 2.40 (mn, IH), 1.71 (lH, m), 1.35 (s, 3H, C(18)CH 3), 0.98 (d, 3H, J=
6.8 Hz).
HRMS (FAB): m/e calculated for C18H 2 70 4 [M+H]+: 307.190935; found:
307.19086.
Bn H H TBSCI, cat. DMAP Bn H TBS
O 21 15
0 TEA, CH 2C12  0 " 5
0 oC to r.t.
12 13
To the mixture of diol (1.44g, 3.73 mmole) and 4-(N, N-dimethylamino)pyridine
(68.5 mg, 0.561 mmole) in 15 ml of methylene chloride was added triethylamine ( 1.0 ml,
7.48 mmole) followed by tert-butyldimethylsilyl chloride (619.3 mg, 4.11 mmole) at 0 'C.
After 2 hrs the temperature was raised to r.t and the mixture was stirred overnight. The
mixture was treated with saturated solution of sodium bicarbonate and extracted with ether
three times. The extracts were dried with MgSO4 and the volatiles was rotavaped. The
resulting oil was purified by flash column chromatography ( 10% to 12% of EtOAc /
hexane) to yield the product (1,421 g, 3.357 mmole, 90% ).
Rf = 0.43 (30% EtOAc / Hexane )
1H NMR (C6 D6 ): 8 7.1-7.3 (m, 5H, aromatic protons), 6.01 (ddd, 1H, J= 8.2,
10.5 and 17.5 Hz, olefinic proton), 5.09-4.97 (m, 2H), 4.25 ( s, 2H, PhCH 2 ), 3.73-3.81
(m, 2H ), 3.65 (dd, IH, J= 4.9 and 9.6 Hz ), 3.12 (d, 2H, C(21)H ), 2.84 (d, 1H, J= 9.3
Hz), 2.51 (m, 1H ), 2.03 ( br, 1H, OH ), 1.38 ( s, 3H, C(18)CH 3 ), 1.03 (d, 3H, J= 6.8
Hz), 0.96 (s, 9H, Sit-Bu), 0.044 and 0.041 (s, 6H, SiMe 2).
13C NMR (CDC13): 138.50, 135.72, 128.56, 127.77, 127.62, 118.07, 74.53,
73.39, 73.08, 64.91, 64.04, 63.82, 48.68, 33.54, 26.09, 25.86, 18.42, 15.01, 13.87,
-3.36, -5.13, -5.23.
IR: 3474 (m, br), 3070 (m), 2929 (s), 2857 (s), 1639 (w), 1496 (m), 1474(s),
1455(s).
HRMS (FAB): 421.27741 calculated for C24 H390 4 Si + H; found 421.27748.
Bn H TBS MPM-Br, NaH Bn M P M  TBS
0 DMF, 0 oC .
13 14a
A 25-ml flask was charged with 7 ml of dry DMF, the starting material ( 510 mg,
1.21 mmole) and 4-methoxybenzyl bromide (313.3 gl, 1.75 mmole). The mixture was
cooled to 0 'C. Sodium hydride suspension ( 60% content, 80 mg, 2.0 mmole) was then
added. After 90 min, the reaction mixture was poured into 4 ml of half-saturated NH4 CI
solution. The mixture was extracted with ether three times. The combined organics were
washed with brine, dried with MgSO4 and concentrated. The resulting oil was columned
using 1:15 / EtOAc:Hexane as eluent to give the desired product as a oil (503.9 mg, 0.918
mmole, 77% yield).
Rf = 0.3 (1:1 / EtOAc : Hexane )
1H NMR (C6D 6, 500 MHz): 8 7.38 (d, 2H, J= 8.3 Hz, aromatic protons of MPM),
7.1-7.28 (m, 5H ), 6.81 (d, 2H, J= 8.5 Hz, aromatic protons of MPM), 6.10 ( ddd, IH,
J= 9.5, 10.0 and 17.0 Hz. olefinic proton ), 5.05 (app d, 2H, J= 10.0 Hz), 4.97 ( dd,
1H, J= 2.0 and 17.0 Hz), 4.68 ( d, 1H, J= 11.5 Hz), 4.28 (d, 2H, J= 8.5 Hz), 3.72 (dd,
IH, J= 8.5 and 9.5 Hz), 3.59 ( dd, 1H, J= 5.0 and 9.0 Hz), 3.56 (d, 1H, J= 1.5 Hz),
3.30 (s, 3H, ArOCH 3), 3.18 (d, 1H, J= 2.0 Hz), 3.17 (s, 1H ), 2.64 (d, 1H, J= 9.5 Hz,
C(19)H ), 2.58 (m, 1H ), 1.80 (m, 1H), 1.52 (s, 3H, C(18)CH 3 ), 1.09 (d, 3H, J= 7.0
Hz, C(20)CH 3 ), 0.95 (3, 9H, Sit-Bu), 0.030 and 0.021 (s, 6H, Si(CH 3)2 ).
13C NMR (CDC13, 125 MHz): 159.14, 138.43, 136.65, 129.31, 128.58, 127.78,
117.30, 113.79, 82.78, 73.49, 73.11, 71.94, 64.35, 64.27, 62.94, 55.44, 50.23, 33.41,
26.12, 18.40, 15.08, 13.86, -5.05, -5.20.
IR: 3068 (m), 3030 (m), 2954 (s), 2856 (s), 1613 (s), 1586 (m), 1514 (s), 1463
(m).
[o]589 = -15.1 ( c= 1.00, CHCI3 ).
Bn H TBS TMSC1, Et 3N Bn TMS TBS
- 21 15
0 CH 2C 2, O C to rt.
13 14b
To the st.m. (64 mg, 0.152 mmole) in 3.5 ml of methylene chloride at 0 oC was
added triethylamine (84.8 jil, 0.608 mmole) followed by TMSCI (48.2 pl, 0.38 mmole).
After 15 min, the mixture was warmed to rt. After all the st.m. had reacted (4-5 hrs), sat.
aq. NaHCO 3 was added. The mixture was extracted with ether three times. The combined
organics were washed with brine, dried with MgSO4 and concentrated to give the product
which was pure enough for next step. (77 mg, 100% yield).
Rf = 0.74 (20% EtOAc : Hexane )
1H NMR (C6 D6 ): 6 7.10-7.7.28 (m, 5H, aromatic protons), 6.05 (ddd, 1H, J=
9.9, 9.9 and 16.5 Hz, olefinic proton ), 4.94-5.08 (m, 2H, olefinic protons), 4.29 (d,
IH, J = 12.3 Hz, PhCHHO), 4.26 (d, 1H, J = 12.3 Hz, PhCHHO), 3.73 (d, 1H, J = 4.3
Hz, C(17)H, 3.67-3.54 (two overlapped dd, 2H, C(15)HH), 3.17 (d, 2H, J = 5.7 Hz,
C(21)HH), 2.71 (d, IH, J= 9.3 Hz, C(19)H), 2.46 (m, 1H), 1.78 (m, 1H), 1.45 (s, 3H,
C(18)CH 3 ), 1.04 (d, 3H, J = 6.6 Hz, C(20)CH 3 ), 0.97 (s, 9H, Sit-Bu), 0.35 (s, 9H,
Si(CH 3 )3 ), 0.049 and 0.041 (two s, 6H, t-BuSi(CH 3)2 ).
13 C NMR (C6D 6 ): 8 139.25, 137.48, 128.96, 128.17, 117,48, 78.49, 73.86,
73.80, 65.51, 64.68, 51.73, 33.98, 30.88, 26.49, 18.76, 15.30, 14.01, 0.853, -4.69,
-4.82.
03, Sudan III
Bn MPM TBS CH 2C12-MeOH Bn MPM 0
-78 C
then Me 2S
-78 oC to r.t. TBSO
14a 15a
The olefin starting material (210 mg, 0.388 mmole) was dissolved in 4 ml each of
methanol and methylene chloride. Three drops of Sudan I solution (0.50 g of Sudan III in
25 ml each of MeOH and CH 2C12). The red mixture was cooled to -78 oC and ozone was
bubbled into the solution with stirring. As soon as the red color of the dye started to fade
(c.a. 1.5 min) the ozone was shut off and argon was turned on (via a three-way valve) to
purge off the ozone . Then 0.5 ml of tetramethylethylene was added followed by Me2 S
(1.5 ml). The acetone-dry ice bath was removed and the mixture was stirred at r.t. for 1 hr.
The mixture was directly concentrated, columned (1:9 / EtOAc: Hexane) to give the
aldehyde ( 189.5 mg, 0.392 mmole, 90% yield).
Note: It is critical to efficiently control the time of the reaction. Otherwise the MPM
and/or the Bn group(s) can be destroyed. The time given above was based on a Welsbach
T-23 ozonizer at a 0.02 flow unit.
Rf = 0.51 (20% EtOAc : Hexane )
1H NMR (C6D6): 8 9.89 (d, 1H, 2.6 Hz), 7.10-7.28 (m, 5H), 6.74 (d, 2H, J= 8.4
Hz), 4.90 (d, 1H, J= 11.7 Hz, ArCHHO ), 4.60 (d, 1H, J= 11.7 Hz, ArCHHO ), 4024
(s, 2H, PhCH20 ), 3.92 (dd, 1H, J= 5.0 and 9.7 Hz), 3.71-3.78 (m, 2H), 3.28 (s, 3H,
ArOCH 3 ), 3.14 (d, 2H, J= 6.9 Hz, C(21)H 2 ), 3.71 (d, 1H, J= 9.4 Hz, C(19)H ), 2.62
(m, 1H ), 1.41 (s, 3H, C(18)CH 3 ), 1.00 (d, 3H, J= 6.9 Hz, C(20)CH 3 ), 0.87 (s, 9H,
Sit-Bu), -0.035 and -0.050 (s, 6H, t-BuSi(CH 3)2 ).
13C NMR (C6D 6, 125 MHz ): 202.55, 160.15, 138.91, 130.95, 129.04, 128.64,
128.14, 114.42, 80.85, 73.75, 73.56, 72.30, 63.36, 63.13, 60.80, 57.11, 55.09, 34.05,
26.31, 18.59, 16.21, 14.05, -4.93, -5.16.
IR: 3064 (wO, 3031 (m), 2954 (s), 2929 (s), 2856 (s), 1726 (s, sharp), 1612 (s),
1586 (m), 1514 (s), 1463 (s), 1388 (m) cm-1.
0 iPr Bn TMS 0O
16, B-BuBOTf, Et3N
OTBS then 15a, CH2C12
16 15b
See the preparation of 11 for details. 78% yield.
Rf = 0.48 (30% EtOAc : Hexane)
1H NMR (C6D6): 8 7.24-7.16 (m, 5H, aromatic protons), 4.4 ( m, 1H), 4.44(m,
1H), 4.32 (d, 1H, J = 12.2 Hz, PhCHH of Bn), 4.25 (d, 1H, J = 12.2 Hz, PhCHH of
Bn), 4.10 (d, 1H, J = 6.9 Hz, C(17)H), 4.13 (dd, 1H, J = 4.7 and 9.8 Hz), 3.95 (m,
1H), 3.82 (d, 1H, J = 6.5 Hz, C(21)HH), 3.79 (d, 1H, J = 6.5 Hz, C(21)HH), 3.35
(dd, 1H, 3.2 and 9.5 Hz), 3.23-3.30 (m, 2H), 3.20 (m, 1H), 3.14 (d, J = 8.7 Hz,
C(19)H), 2.31 (m, 1H), 2.08 (m, 1H), 1.82 (m, 1H), 1.60 (d, 3H, J = 6.9 Hz,
C(14)CH 3), 1.44 (s, 3H, C(18)CH 3), 1.04 (s, 9H, Me2 Sit-Bu), 0.99 (d, 3H, J = 6.9 Hz,
C(20)CH 3), 0.50 (d, 3H, J = 6.6 Hz, Me of the i-Pr of the auxiliary), 0.40 (d, 3H, J =
6.6 Hz, Me of the i-Pr of the auxiliary), 0.39 (s, 9H, Si(CH 3)3), 0.19 (s, 6H, Me 2 Sit-
Bu).
HRMS (FAB): m/e calculated for C35 H62 NO 8 Si 2 [M+H]+: 680.4014; found:
680.4005.
Bn% TMS H 0 ir 1) TBSOTf, 2,6-lutidine, CH 2Cl2
\OTS 0O 2) Raney Ni, EtOH
17
To the st.m (211 mg, 0.31 mmole) in 5 ml of methylene chloride was added 2,6-
lutidine followed by TBSOTf (114.0 pl, 0.496 mmole) at -40 oC. After 60 min, the mixture
was warmed to 0 'C and stirred until the reaction was complete. A pH 7 buffer was added.
The mixture was extracted with ether three times. The combined organics were washed
with brine, dried with MgSO4 and concentrated. The resulting oil was purified by column
chromatography using 1:9 / EtOAc: Hexane as eluent to give the desired product as a oil
(210 mg, 85% yield).
Raney Nickel suspension (200 mg) in a 10-ml flask was washed with water three
times and then with ethanol five times. The washed Raney Ni was then added to the st.m
(25 mg, 0.0312 mmole) in 3 ml of EtOH at rt. The reaction completed within two days.
The reaction was filtered through a pad of Celite and the solid was washed thoroughly with
EtOH, ether, and EtOAc for two times each (Care must be taken in order not to ignite fire
by overdrying the solids). The filtrate was concentrated to give the crude product (22.4
mg, 100%).
Rf = 0.30 (20% EtOAc : Hexane )
1H NMR (C6D 6 ): 8 5.01 (dd, 1H, J = 3.9), 4.54 (ddd, 1H, J = 4.5, 6.3 10.8
Hz), 4.09 (m, 1HO, 4.03 (d, 2H, J = 5.4 Hz), 3.72 (d, 1H, J = 7.2 Hz), 3.42-3.39 (m,
2H), 3.31 (m, 2H), 2.75 (d, J = 8.7 Hz, C(19)H), 2.23 (m, 1H), 2.10 (dq, 1H), 1.52 (d,
3H, J = 6.6Hz, C(14)CH 3), 1.49 (s, 3H, C(18)H), 1.19 (s, 9H, Me 2 Sit-Bu), 1.10 (s,
9H, Me2 Sit-Bu), 1.09 (s, 9H, Si(CH 3)3), 0.95 (d, 3H, J = 6.9 Hz), 0.54 (d, 3H, J = 6.3
Hz), 0.43 (d, 3H), 0.39 and 0.38 (2s, 6H, Me 2Sit-Bu), 0.22 and 0.21 (2s, 6H, Me 2Sit -
Bu).
1) Swern
2) CH 3CH 2PPh 3Br, n-BuLi, HMPA
then aldehyde, THF
Xv
To the phosphrous salt (21.9 mg, 0.0589 mmole) in 1 ml of THF and 20 pl of
HMPA at -78 'C was added n-BuLi solution (2.36 M in Hexanes, 0.0472 mmole). 15 min.
later, the st. m. (16.7 mg, 0.0236 mmole) in 2 ml of THF (pre-cooled to -78 °C) was
added to the reaction flask via cannula. After 40 min, sat. aq. NaHCO 3 was added. The
mixture was extracted with ether three times. The combined organics were washed with
brine, dried with MgSO4 and concentrated. The resulting oil was purified by column
chromatography using acetone-washed silica gel (1:15 / EtOAc:Hexane as eluent) to give
the desired product as a oil (10 mg, 69% yield).
Rf = 0.44 (10% EtOAc : Hexane )
1H NMR (C6 D6 ): 8 5.43 (m, 1H), 5.31 (m, 1H), 4.78 (m, 1H), 4.05 (app qnt,
1H, J = 4.3 Hz), 3.86 (br, m, 2H), 3.36 (dd, 1H, J = 2.9 and 9.1 Hz), 3.29 (dd, 1H, J =
9.0 and 17.4 Hz), 2.75 (d, 1H, J = 8.9 Hz, C(19)H), 2.41 (m, 1H), 2.12 (m, 1H), 1.54
(d, 3H, J = 7.0 Hz), 1.44-1.41 (overlapped m, 6H), 1.38 (s, 3H), 1.10 (s, 9H, Me2 Sit-
Bu), 1.09 (s, 9H, Me2 Sit-Bu), 0.54 (d, 3H, J = 6.8 Hz), 0.51 (s, 9H, Si(CH 3)3), 0.40-
0.36 (overlapped m, 6H), 0.199 and 0.186 (2s, 6H, Me 2Sit-Bu).
HRMS (FAB, NBA): m/e calculated for C30H 58NO8 Si 2 [M+H]+: 616.3701;
found: 616.3708.
7.2 Linear Synthesis of Fragment BC
TESO O Ph3P=C(Me)COOEt, PhH, 60 'C TESO O
H 7 OEt
25 26
To a reaction flask were charged the starting material, the ylide and benzene. The
mixture was heated to 60 'C and stirred overnight. Hexane was added to precipitate the side
product Ph3P=O and the product was filtered. The filtrate was concentrated and columned
using 1: 12 / EtOAc : Hexane to give the a, 3-unsaturated ester ( 91% yield).
Rf = 0.38(20% EtOAc : Hexane )
1H NMR (C6D6 ): 8 6.91 ( dq, 1H, J = 1.3 and 10.3 Hz, C(9)H ), 4.06 ( dq, 2H,
J = 2.2 and 7.0 Hz, O=CCH 2 CH 3 ), 3.56 ( dq, 1H, J = 6.1 and 6.1 Hz, C(11)H ), 2.43 (
m, 1H, C(10)H ), 2.15 ( d, 3H, J = 1.3 Hz, C(8)CH 3 ), 0.95 ( t, 3H, J = 6.9 Hz,
OCH 2 CH3 ), 0.94 (t, 9H, J = 8.1 Hz, OSi(CH 2CH 3)3 ), 0.59 ( q, 6H, J = 7.9 Hz,
OSi(CH 2CH 3)3 ).
TESQ O TESQ H
DIBAL-H, ether, -78 C TES
OEt
26 27
To the ester (1.48 g, 4.59 mmole) in 15 ml of ether was added DIBAL-H solution
(1.0 M in hexane, 11.47 ml, 11.47 mmole) at -78 C. After 20-30 min, the reaction was
warmed to 0 oC and MeOH was added carefully to quench the excess DIBAL-H. Then 1.0
M potassium sodium tartrate solution (12 ml) was added and the mixture was warmed to
r.t. and stirred until the two layers separated (ca. 45 min). The mixture was then extracted
with ether three times and the combined extracts were dried with MgSO4 and concentrated.
The crude oil was columned (1:12 / EtOAc: Hexane) to give the alcohol (0.900g, 4.12
mmole, 90% yield).
Rf = 0.20(10% EtOAc : Hexane)
1H NMR (CDC13 ): 8 5.23 ( qd, J = 1.0 and 9.8 Hz, C(9)H ), 4.00 ( s, 2H,
C(7)H 2 ), 3.58 ( dq, 1H, J = 6.5 and 6.5 Hz, C(11)H ), 2.38 ( m, 1H, C(10)H ), 1.68 (
d, 3H, J = 1.0 Hz, C(8)CH3 ), 1.09 ( d, 3H, J = 6.1 Hz ), 0.97 ( superimposed d and t,
12H ), 0.62 ( q, 6H, J = 7.9 Hz, OSi(CH 2CH 3)3 ).
TESO H TESO ODess-Martin oxidation,
pyridine, CH 2C12, r.t. 11 7 H7 H
27 28
To the alcohol st.m. (570 mg, 2.20 mmole) in a 10-ml reaction flask were added
methylene chloride (10 ml), pyridine (295 gl, 5.52 mmole) followed by the Dess-Martin
reagent (1.403 g, 3.309 mmole). After 45 min, the reaction mixture was diluted with ether
(c.a. 12 ml) and then poured into a mixture of saturated NaHCO3 (12 ml) and 1.0 M
Na2S2SO3 (23 ml). The mixture was stirred for 15 min, extracted with ether four times.
The combined organics were dried with NaSO4 and concentrated to give the crude aldehyde
as a slightly yellow oil, which was purified by flash chromatography (The silica gel was
pre-washed with acetone. eluent 10% EtOAc / Hexane) to give the aldehyde (535.6 mg,
2.08 mmole, 94% yield).
Rf = 0.49 (10% EtOAc : Hexane)
1H NMR (CD 2Cl 2): 8 9.38 (s, 1H, C(7)H ), 6.37 (dq, 1H, J= 1.2 and 10.1 Hz,
C(9)H ), 3.78 (dq, 1H, J= 6.2 and 6.2 Hz, C(11)H ), 2.70 (m, 1H, C(10)H ), 1.73 (d,
3H, J= 1.2 Hz, C(8)CH 3 ), 1.12 (d, 3H, J= 6.2 Hz ), 1.05 (d, 3H, J= 6.8 Hz), 0.96 (t,
9H, J= 8.0 Hz, Si(CH2CH 3)3 ), 0.60 (q, 6H, J= 7.9 HZ, Si(CH 2CH 3)3 ).
13 C NMR (CD 2Cl 2 ): 6 195.70, 157.42, 139.33, 71.99, 42.12, 21.89, 15.64,
9.85, 7.28, 5.60.
IR: 2957 (s), 2876.9 (s), 2813 (m), 2705 (w), 1694 (s), 1643 (m), 1458 (m),
1414 (w), 1376 (m).
[oa]589 = +2.36 (c = 2.5. MeOH ).
TESO O O n-Bu 2BOTf, Et3N
H + ,,O Ph then aldehyde, CH 2C12,
H + -78 to 09C
28 29
TI
To the imide auxiliary (627 mg, 2.691 mmole) in 5 ml of CH 2C12 was added
dibutylboron triflate solution (1.0 M in CH 2C12, 3.05 ml, 3.05 mmole) at -78 'C. After 50
min., the mixture was warmed to 0 'C and stirred for 15 min.. The mixture was re-cooled
to -78 'C before the aldehyde (460 mg, 1.794 mmole) in 4 ml of CH2C12 was added via
cannulation. The mixture was stirred at -78 'C for 30 min., then at 0 oC for 1.5 h. Saturated
sodium bicarbonate solution was added and the mixture was extracted with CH 2C12 three
times. The combined organics were dried with MgSO4 and concentrated. The concentrated
oil was purified by flash column chromatography (1:6 / EtOAc: Hexane) to give the aldol
product ( 804.8 mg, 1.614 mmole, 90%).
Rf = 0.38 (20% EtOAc : Hexane )
1H NMR (C6 D6): 8 7.01 (m, 3H ), 7.68 (m, 2H ), 5.76 ( dq, 1H, J= 1.2 and 10.2
Hz, C(9)H ), 4.77 (d, 1H, J= 7.3 Hz ), 4.6 ( br, 1H ), 4.3 (app dd, 1H, J= 3.42 and 7.08
Hz), 4.27 (app dt, 1H, J= 6.84 and 13.84 Hz), 3.65 (qnt, 1H, J= 6.2 Hz), 2.90 (d, 1H,
J= 2.4 Hz ), 2.55 (app dt, 1H, J= 9.8 and 6.6 Hz ), 1.72 ( s, 3H, C(9)CH 3 ), 1.35 (d,
3H, J= 6.8 Hz), 1.22 (d, 3H, J= 5.86 Hz ), 1.15 (d, 3H, J= 6.35 Hz ), 1.07 ( t, 9H, J=
8.1 Hz ), Si(CH 2CH 3)3 ), 0.66 (q, 6H, J= 8.0 HZ, Si(CH 2CH 3)3 ), 0.54 (d, 3H, J= 6.8
Hz ).
13 C NMR (C6D 6): 8 177.12, 152.92, 134.23, 134.07, 130.37, 128.06, 126.18,
78.90, 76,05, 73.46, 55.11, 41.47, 41.42, 22.65, 17.92, 14.42, 14.20, 11.07, 8.92,
7.62, 5.85.
IR: 3516 (m, br), 3065 (w), 2957 (s), 2876 (s), 1782 (s), 1704 (s), 1456 (s), 1366
(s).
[a]589 = +26.1 (c = 1.8. CHC13 ).
TI
LiBH4 , H 20
Pthpr 0 or
To the aldol st.m. (43 mg, 0.0878 mmole) in 3 ml of ether and 6.3 Rl of H2 0
(0.3512 mmole) was added 2.0 M THF solution of LiBH 4 ( 175.6 jl1, 3.512 mmole).
After 50 min. MeOH was added to destroy the excessive LiBH4 . Then 2 ml each of pH 7
buffer and sat. NH4 C1 solution were added. The mixture was extracted with methylene
chloride three times. The organics were dried with MgSO4, concentrated and columned
(30% EtOAc / Hexane) to give the diol (19.7 mg, 0.0622 mmole, 71% yield).
Rf = 0.25 (20% EtOAc : Hexane )
1H NMR (C6D6, 500 MHz): 8 5.31 (d, 1H, J= 10.0 Hz, C(9)H ), 3.87 ( d, 1H, J=
5.5 Hz, C(7)H ), 3.61 (app. quint., 1H, J= 6.5 Hz, C(11)H ), 3.46 ( app. d, 2H, J= 5.5
Hz, C(5)HH ), 2.55 (m, 1H ), 1.72 (m, 1H ), 1.58 (d, 3H, J= 1.5 Hz, C(8)CH 3 ), 1.11 (
d, 3H, J= 6.5 Hz ), 1.04 ( t, 9H, J= 8.0 Hz, Si(CH 2CH 3)3 ), 1.02 (d, 3H, J= 5.5 Hz ),
0.94 (d, 3H, J= 6.5 Hz ), 0.64 (q, 6H, J= 8.0 Hz, Si(CH 2CH 3)3 ).
13C NMR (C6 D6): 8 137.53, 128.58, 79.87, 73.60, 66.91, 40.83, 39.15, 21.47,
18.01, 13.76, 12.10, 7.61, 5.76.
100
vulvl~v ~
0TESO O
+ H
34
T1
n-Bu2BOTf, i-Pr2NEt
Ph 3' 4'
5
then aldehyde
38
A typical procedure: To the ester reagent ( 1.5 equiv.. ) in 3 ml of CH2C12 was
added i-Pr2NEt ( 4.5 equiv.) followed by n-Bu 2BOTf (3.0 equiv..). The mixture was
stirred for 2 hrs before the aldedyde (1.0 equiv.) in 2 ml of CH 2C12 was added via
cannulation. The reaction was stirred for 2 hrs then warmed to 0 'C and stirred for 30 min.
Then MeOH ( 4 ml ), pH 7 buffer ( 3 ml ) and 30% H2 0 2 were added sequentially. The
mixture was stirred at 0 oC for 30 min. The mixture was extracted with CH2C12 three times.
The combined organics were dried with MgSO4 and concentrated. The concentrated oil
was purified by flash column (15% EtOAc in Hexane) to give the aldol product.
For 38: 86 yield.
Rf = 0.35 (20% EtOAc : Hexane)
1H NMR (CDC13 , 500 MHz ): 6 7.23 ( m, 3H aromatic protons ), 7.04 ( m, 2H,
aromatic protons ), 7.00 ( s, 1H, aromatic proton of OHA, octahydroanthracene ), 5.72 (
d, 1H, J = 4.88 Hz, O=COCHPh ), 5.28 ( dq, 1H, J = 1.6 and 9.8 Hz, C(9)H ), 4.43 (
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app t, 1H, J = 2.93 Hz ), 4.13 ( dq, 1H, J = 4.39 and 6.84 Hz, NCHMe ), 5.86 ( dq, 1H,
J = 5.86 and 7.33 Hz, C(11)H ), 3.01 ( m, 4H, C(2')H 2 of OHA ), 2.74 ( s, 3H, NCH 3
), 2.73 ( m, 4H, C( 5')H 2 of OHA ), 2.361 ( app q, 1H, J = 3.91 Hz ), 1.69 ( m, 8H,
C(3')H 2 and C(4')H 2 of OHA ), 1.60 ( s, 3H, C(8)CH 3 ), 1.30 ( d, 3H, J = 7.32 Hz,
NCHCH 3 ), 1.10 ( d, 3H, J = 7.32 Hz ), 1.04 ( d, 3H, J = 6.35 ), 0.97 ( t, 9H, J = 7.9
Hz, Si(CH 2 CH 3 ) 3 ), 0.94 ( d, 3H, J = 6.84 Hz ), 0.60 (q, 6H, J = 7.9 Hz,
Si(CH 2 CH 3)3).
13C NMR (CDC13): 8 174.32, 138.12, 137.88, 136.42, 135.39, 133.30, 129.94,
128.49, 128.25, 126.34, 78.32, 75.50, 72.81, 55.67, 42.93, 40.94, 30.51, 28.65,
27.82, 23.39, 22.28, 22.02, 17.59, 13.97, 12.26, 10.14, 7.11, 5.23.
IR: 3520, ( br, m), 3062 ( w ), 2937 ( s ), 2875 ( s), 1741 ( s ), 1496 ( w), 1451 (
s ), 1418 (m), 1378 (m), 1342 (m), 1312 (s).
TESO QH H OMe
MeO CýTESO 0 O
O - OMe
cat PPTS, CH 2C12, r.t
31 32
To the diol in 2.5 ml of methylene chloride was added anhydrous Na2SO 4 and
stirred for 3 min. The dimethylacetal of p-anisaldehyde and PPTS were added. After 2 hr,
sat. NaHCO3 solution was added. Normal extraction (CH 2 C12 ) work-up and flash
chromatography (1:12 / EtOAc: Hexane) afforded the desired product (85% yield) along
with 5% recovered st.m.
Rf = 0.67 (20% EtOAc : Hexane)
1H NMR (C6D 6): 8 7.64 (d, 2H, J= 8.7 Hz, aromatic protons), 6.80 (d, 2H, J=
8.7 Hz, aromatic protons), 5.57 (d, 1H, J= 10.2 Hz, C(9)H ), 5.47 ( s, 1H, acetal proton
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), 4.02 ( s, 1H ), 3.82 (dd, 1H, J= 1.2 and 11.1 Hz), 3.70 (dd, 1H, J= 2.7 and 11.1 Hz ),
3.38 ( app quint., 1H, J= 6.6 Hz ), 3.25 (s, 3H, ArOCH 3 ), 2.42 (m, 1H ), 1.45 ( d,
3H, J= 0.9 Hz, C(8)CH 3 ), 1.24 (m, 1H ), 1.17 ( d, 3H, J= 6.0 Hz ), 1.12 (d, 3H, J=
6.7 Hz ), 1.09 (d, 3H, J= 7.0 Hz), 1.00 (t, 9H, J= 7.8 Hz, Si(CH 2 CH 3)3 ), 0.59 (q, 6H,
J= 7.8 Hz, Si(CH 2CH 3)3 ).
MP
TESO O 0 DIBAL-H TESO MPMQ H
- CH2 C 2,OC 11 7C
32 33
To the acetal ( 49 mg containing 23 mole% dimethyl acetal of benazldehyde 0.0870
mmole) in 3 ml of methylene chloride was added 1.0 M DIBAL-H solution in hexanes (488
gl, 0.488 mmole) at 0 oC. The reaction completed within 1 hr. The mixture was treated
with MeOH carefully to destroy the excess DIBAL-H followed by 1 M aq. solution of
potassium sodium tartrate (2 ml). The mixture was then stirred at r.t. for 30 min. The
mixture was extracted with methylene chloride three times. The organic extracts were dried
with MgSO4 and concentrated. The resulting oil was columned (1:6 / EtOAc:Hexane) to
give the product (33 mg, 1.20 mmole, 87% yield).
Rf = 0.36 (20% EtOAc : Hexane )
1H NMR (C6D6 , 500 MHz): 8 7.27 (d, 2H, J= 8.7 Hz, aromatic protons), 6.81
(d, 2H, J= 8.7 Hz, aromatic protons), 5.25 (d, 1H, J= 10.5 Hz, C(9)H ), 4.52 (d, 1H, J=
11 Hz, ArCHHO ), 4.17 (d, 1H, J= 11 Hz, ArCHHO ), 3.61 (app quint., 1H, J= 6.2
Hz, C(12)H ), 3.50 (d, 1H, J= 8.0 Hz, C(7)H ), 3.44 (m, 2H, C(5)HH ), 3.31 (s, 3H,
ArOCH 3 ), 2.63 (m, 1H ), 2.00 (m, 1H ), 1.70( d, 3H, J= 1.0 Hz, C(8)CH 3 ), 1.09 ( d,
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3H, J= 6.5 Hz), 1.08 ( d, 3H, J= 6.0 Hz ), 1.02 (t, 9H, J= 7.5 Hz, Si(CH 2CH 3)3 ),
0.64 (q, 6H, J= 7.8 Hz, Si(CH 2CH 3)3 ).
13C NMR (CDC13): 8 159.26, 135.15, 131.33, 130.96, 129.66, 113.91, 88.29,
73.00, 69.43, 66.09, 55.43, 39.96, 38.93, 19.96, 17.88, 14.23, 12.60, 7.09, 5.04. 13C
NMR (C6 D6 ): 160.03, 135.75, 131.87, 131.57, 129.93, 114.34, 88.20, 73.51, 70.02,
66.17, 55.13, 40.68, 39.73, 20.75, 18.17, 14.50, 12.99, 7.60, 5.72.
IR: 3464 (br, m ), 2956 (br, s), 2876 (s ), 1613 (s ), 1586 (w ), 1514 ( s ), 1460
(s ), 1378 ( s ).
[o]589 = +31.6 (C = 1.71, CHC13 ).
0
I(OAc)3
TESO MPMO H TESO MPMO 0T - TES ....-12:
pyridine, CH 2C12 , r.t.
33 34
To the alcohol st.m. (31.0 mg, 0.0710 mmole) in a 10-ml reaction flask were added
methylene chloride (3 ml), pyridine (20.3 gl, 0.284 mmole) followed by Dess-Martin
reagent (60.2 mg, 0.142 mmole). After 1 hr, the reaction mixture was diluted with ether
(c.a. 10 ml) and then poured into a mixture of saturated NaHCO 3 (3 ml) and 1.0 M
Na2S203 (5 ml). The mixture was stirred for 15 min, extracted with ether three times. The
combined organics were dried with MgSO4 and concentrated to give the crude aldehyde as
a slightly yellow oil (ca. 32 mg, quant. yield).
Rf = 0.38 (10% EtOAc : Hexane)
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1H NMR (C6 D6 ): 8 9.52 (d, 1H, 1.8 Hz, C(5)H ),
aromatic protons), 6.80 (d, 2H, J= 8.6 Hz, aromatic protons), 5.24 (d, 1H, J= 10.0,
C(9)H ), 4.45 (d, 1H, J= 11.4 Hz, ArCHHO ), 4.11 (d, 1H, J= 11.4 Hz, ArCHHO ),
3.77 (d, 1H, J= 6.7, C(7)H ), 3.53 (dq, 1H, J= 6.4 and 6.4 Hz, C(11)H ), 3.31 (s, 3H,
OCH 3 ), 2.35-2.52 (m, 2H, C(6)H and C(10)H ), 1.50 (s, 3H, C(8)CH 3 ), 1.10 (d, 3H,
J= 6.9 Hz ), 1.09 (d, 3H, J= 6.1 Hz), 1.07 (d, 3H, J= 6.7 Hz), 1.05 (t, 9H, J= 7.9 Hz,
Si(CH 2CH 3)3 ), 0.62 (q, 6H, J= 7.9 HZ, Si(CH 2CH 3 )3 ).
13C NMR (C6D 6 ): 8 202.39, 160.18, 133.50, 132.49, 131.17, 129.97, 114.47,
83.96, 73.14, 70.06, 55.15, 50.05, 41.39, 22.28, 17.89, 13.01, 10.29, 7.62, 5.89.
IR: 2955.6 ( s), 2875 ( s), 2728.8 (w), 1727 ( s), 1613 (s ), 1586 (m), 1514 (s),
1456 (s), 1370 (m).
TESO MPMQ
H +
34
n-Bu 2BOTf, Et3N
then aldehyde, CH2 C12
-78 to U oC
29
TESO MPMO OH 0
12
039
39
To the imide auxiliary (33.6 mg, 0.144 mmole) in 2 ml of CH 2C12 was added
dibutylboron triflate solution (1.0 M in CH 2C12, 158.4 tl, 0.158 mmole) at -78 'C. After
50 min., the mixture was warmed to 0 oC and stirred for 15 min.. The mixture was
recooled to -78 'C before the aldehyde (crude from the above reaction and azeotroped with
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7.20 (d, 2H, J= 8.6 Hz,
-/• to v
toluene before use. ca. 32 mg, 1.409 mmole) in 2 ml of CH 2 Cl 2 was added via
cannulation. The mixture was stirred at -78 'C for 50 min., then at 0 'C for 2 h.
Phosphorous pH 7 buffer (3ml) was added followed by MeOH (1 ml) and 30% H20 2 (0.5
ml). The mixture was stirred at r.t. for 40 min and was then extracted with CH2C12 three
times. The combined organics were washed with brine, dried with MgSO4 and
concentrated. The concentrated oil was purified by flash column (15% to 20% EtOAc in
Hexane) to give the aldol product (48.0 mg, quant. yield). Sometimes the chiral reagent 29
(10-20%) cannot be completely removed from the product.
Rf = 0.29 (20% EtOAc : Hexane )
1H NMR (C6 D6 ): 8 7.32 (d, 2H, J= 8.6 Hz, aromatic protons), 7.01 (m, 4H),
6.78-6.88 (m, 3H), 5.46 (d, 1H, J= 10.0, C(9)H ), 4.73 (m, 2H ), 4.68 (d, 1H, J= 11.4
Hz, ArCHHO ), 4.28-4.70 (m, 2H ), 4.21 (dd, 1H, J= 7.0 and 13.8 Hz), 3.90 (d, 1H, J=
6.45 Hz, C(7)H ), 3.63 (dq, 1H, J= 6.5 Hz, C(11)H ), 3.28 (s, 3H, ArOCH 3), 2.80-
3.01 (m, 1H ), 2.64 (m, 1H), 2.41 (br, 1H, OH ), 2.21 ( qt, 1H ), 1.08 (s, 3H,
C(8)CH 3 ), 1.55 (d, 3H, J= 6.6 Hz ), 1.39 (d, 3H, J= 6.8 Hz ), 1.23 (d, 3H, J= 6.1 Hz ),
1.42 (t, 9H, J= 7.4 Hz, Si(CH2CH 3)3 ), 1.05 (t, 6H, J= 7.9 Hz), 0.65 (q, 6H, J= 8.2
Hz, Si(CH 2CH 3)3 ).
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.Ph TBSOTf, 2,6-lutidine,
•ND "P -20 oC, CH 2C2
//0
TESQ MPMQ OTBSO
pPh
39a
To the st.m. (48.0 mg, 0.0718 mmole) in 3 ml of CH 2C12 was added 2,6-lutidine
(37.4 1l, 0.320 mmole) followed by TBDMSOTf ( 36.8 gl, 0.160 mmole) at -24 'C. After
2 hrs, the temperature was warmed to 0 'C and another batch of reagents ( 37.4 pl of
lutidine and 36.8 gl of TBDMSOTf ) was added. The reaction was stirred overnight. Sat.
NaHCO3 was added. The mixture was extracted with ether three times and the combined
extracts were dried with MgSO 4 and concentrated. The crude oil was columned (10%
EtOAc / Hexane) to give the product (45.0 mg, 0.0575 mmole, 80% yield ).
Rf = 0.50 (20% EtOAc : Hexane )
1H NMR (C6D 6): 8 7.41 (d, 2H, J= 8.7 Hz, aromatic protons), 7.01-7.00 (m,
4H), 6.78-6.88 (m, 3H), 5.57 (d, 1H, J= 10.0, C(9)H ), 4.63 (m, 2H ), 4.22-4.50 (m,
4H), 4.09 (d, 1H ), 3.71 (m, 1H, ), 3.25 (s, 3H, ArOCH 3), 2.68 (m, 1H ), 2.14 (m,
1H), 1.79 (s, 3H, C(8)CH 3), 1.47 (d, 3H, J= 6.7 Hz ), 1.41 (d, 3H, J= 7.2 Hz ), 1.33
(d, 3H, J= 6.1 Hz ), 1.21 (d, 3H, J= 6.7 Hz), 1.05 (t, 9H, J= 6.9 Hz, Si(CH 2CH 3)3 ),
1.03 (s, 9H, SiCMe 3 ), 0.65 (q, 6H, J= 8.0 Hz, Si(CH 2CH 3)3 ), 0.180 and 0.158 (s,
6H, SiMe 2t-Bu ).
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TESQ MPMQ OTBSO
-O ,Ph BnOLi, THF, 0 'C
39a
TESO MPMO OTBSO
12
40
Benzyl alcohol (40.0 gl, 2.70 mmole) was dissolved in 2 ml of THF in a 10-ml
reaction flask and cooled to 0 'C. Then a 1.0 M n-BuLi solution (87 gl, 0.218 mmole) was
added and the mixture was stirred for 20 min. The st.m. dissolved in 3 ml of THF
(including rinsing ) was cannulated into the reaction flask. The reaction was stirred for 2
hrs. Sat. NH4 Cl solution was added and the mixture was extracted with ether three times.
The combined extracts were dried with MgSO4 and concentrated. The crude oil was
columned (1:15 / EtOAc: Hexane) to give the desired product ( 81% ).
Rf = 0.67 (20% EtOAc : Hexane )
1H NMR (C6 D6 ): 8 7.33 (d, 2H, J= 8.7 Hz, aromatic protons), 7.02-7.15 (m,
5H), 6.80 (d, 2H, J= 8.6 Hz, C(9)H), 5.47 (d, 1H, J= 9.8 Hz), 5.08 (d, 1H, J= 12.4
Hz, PhCHHOC=O), 5.01 (d, 1H, = 12.4 Hz, PhCHHOC=O), 4.93 (s, 1H ), 4.55 (d,
1H, J= 11.4 Hz, ArCHHO), 4.35 (dd, 1H, J= 4.8 and 4.8 Hz ), 4.20 ( d, 1H, J= 11.4
Hz, ArCHHO ), 3.75 (d, 1H, J= 5.7 Hz), 3.67 (t, 1H, J= 6.7 Hz), 3.31 (s, 3H,
ArOCH 3 ), 2.80 (dq, 1H, J= 4.7 and 7.1 Hz), 2.61 (m, 1H ), 1.96 ( app septet, J= 5.9
Hz), 1.57 ( s, 3H, C(8)CH 3 ), 1.23-1.29 ( two app d, 9H ), 1.16 (d, 3H, J= 6.6 Hz ),
1.06 ( t, 9H, J= 7.9 Hz, Si(CH 2CH 3)3 ), 0.988 (s, 9H, SiCMe 3 ), 0.65 (q, 6H, J= 7.9
Hz, Si(CH 2CH 3)3 ), 0.125 and 0.107 (s, 6H, SiMe 2t-Bu ).
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II 4O
40
TESO MPMO QTBS
OH
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To the benzyl ester ( 14.4 mg, 0.0198 mmole) in 2 ml of ether was added DIBAL-
H solution (1.0 M in hexane, 80 gl, 0.08 mmole) at -78 C. Another two portion of 80 gl of
DIBAL-H solution were added during the next 3hr of reaction. MeOH was added carefully
to quench the excess DIBAL-H. Then 1.0 M potassium sodium tartrate solution (2 ml) was
added and the mixture was warmed to r.t. and stirred until the two layers separated (ca. 45
min). The mixture was then extracted with ether three times and the combined extracts were
dried with MgSO4 and concentrated to give the crude product ( 12.3 mg, 100%). This
crude product was used directly in the next step.
Rf = 0.37 (20% EtOAc : Hexane )
1H NMR (C6D6 ): 6 7.32 (d, 2H, J= 8.6 Hz, aromatic protons), 6.84 (d, 2H, J=
8.6 Hz, aromatic protons), 5.43 (d, 1H, J= 9.7 Hz, C(9)H ), 4.68 (d, 1H, J= 11.4 Hz,
ArCHHO ), 4.31 (s, 1H, OH ), 4.20 (d, 1H, J= 11.4 Hz, ArCHHO ), 3.94 ( dd, 1H, J=
3.5 and 3.5 Hz ), 3.64-3.69 (app. dd, 2H ), 3.54 (dd, 1H, J= 8.0 and 10.4 Hz), 3.32 (s
and m, 3H + 1H, ArOCH 3 for the s ), 2.62 (m, 1H ), 1.97 (m, 1H ), 1.75 (m, 1H ), 1.60
(s, 3H, C(8)CH 3 ), 1.28 (d, 3H, J= 6.9 Hz ), 1.24 (d, 3H, J= 6.2 Hz ), 1.16 (d, 3H, J=
6.8 Hz ), 1.05 (t, 9H, J= 7.9 Hz, Si(CH 2CH 3 )3 ), 0.988 (s, 9H, SiCMe 3 ), 0.86 (d, 3H,
J= 6.9 Hz ), 0.65 (q, 6H, J= 7.8 Hz, Si(CH 2 CH 3)3 ), 0.166 and 0.100 (s, 6H, SiMe 2t-
Bu ).
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13C NMR (C6 D6 ): 5 160.09, 134.15, 132.57, 131.84, 130.12, 114.44, 85.84,
73.77, 73.59, 70.28, 65.88, 55.16, 42.08, 41.60, 39.43, 30.55, 26.79, 22.00, 19.09,
18.63, 13.42, 12.36, 12.23, 7.62, 5.84, -2.92, -3.43.
IR: 3462 ( m, br ), 3032 ( w ), 2955 ( s ), 2877 ( s ), 1612 (s), 1586 (w), 1513
(s), 1462 (s), 1367 (m).
0
37
n-Bu 2BOTf, i-Pr2NEt
then aldehyde 34
TESO MPMO 0
+ H
34
TESO MPMO OH O
44
Same procedure as before.
Rf = 0.23 (20% EtOAc : Hexane)
1H NMR (CDC13 ): 8 7.20 ( m, 5H, aromatic protons ), 7.00 ( s, 1H, aromatic
proton of OHA, octahydroanthracene ), 6.94 ( m, 2H ), 6.87 ( d, 2H, J = 8.3 Hz, aromatic
proton of MPM), 5.65 ( d, 1H, J = 4.88 Hz, O=COCHPh), 5.23 (d, 1H, J = 9.77 Hz,
C(9)H ), 4.48 (d, 1H, J = 11.23 Hz, ArCHHO of MPM), 4.18 (d, 1H, J = 11.23 Hz,
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ArCHHO of MPM), 4.02 ( dq, 1H, J = 5.37 and 6.84 Hz, NCHMe), 3.81 ( s, 3H,
ArOCH 3 of MPM), 3.77 (app. dt, 1H, J = 9.28 and 1.2 Hz), 3.67 (d, 1H, J = 4.88 Hz),
3.59 (app. qnt., 1H, J = 6.35 ), 2.99 (m, 4H, C(2')H of OHA), 2.78 (s, 3H, NCH 3 ),
2.66 (m, 1H), 2.47 (app dt, J = 9.77 and 6.84 Hz), 1.68 ( h, 8H, C(3')H and C(4')H of
OHA ), 1.45 (s, 3H, C(8)CH3), 1.29 ( d, 3H, J = 6.84 Hz ), 1.23 ( d, 3H, J = 6.84 Hz),
1.10 ( d, 3H, J = 6.35 Hz ), 0.97 (t, 9H, J = 7.90 Hz, OSi(CH 2CH 3 )3), 0.87 (d, 3H, J =
6.84 Hz), 0.61 (q, 6H, J = 7.90 Hz, Si(CH 2CH 3 )3 ).
13C NMR (CDC13): 8 173.78, 159.44, 138.34, 137.90, 136.43, 135.41, 131.77,
130.71, 130.35, 129.65, 128.53, 128.23, 126.22, 125.83, 114.02, 87.46, 77.94, 75.18,
72.77, 70.34, 55.63, 55.46, 43.96, 40.80, 38.05, 30.52, 28.53, 27.80, 23.38, 22.02,
21.68, 17.82, 14.66, 13.64, 12.10, 7.30, 7.13, 5.24.
IR: 3520 ( m, br ), 3028 (w), 2935 (s), 2875 (s), 1738 (s), 1612 (m), 1514 (m),
1452 (s), 1378 (w), 1312 (m), 1249 ( m).
TESO MPMQ OH O
44
TBSOTf, 2,6-lutidine
CH 2CI2 ,0 C
ni
45
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Rf = 0.53 (20% EtOAc : Hexane )
1H NMR (C6 D6 ): 8 7.36 (d, 2H, J = 8.7 Hz, aromatic protons of MPM), 7.00 (m,
5H, aromatic protons of Ph), 6.88 (d, 2H, J = 8.7 Hz, aromatic protons of MPM), 6.66
(s, 1H, aromatic proton of OHA), 5.93 (d, 1H, J = 5.2 Hz, O=COCHPh ), 5.49 1H, J =
10.3 Hz, C(9)H ), 4.59 (d, 1H, J = 11.2 Hz, ArCHHO of MPM), 4.35 (dd, 1H, J = 5.3
and 6.8 Hz), 4.24 (d, 1H, J = 11.2 Hz, ArCHHO of MPM), 3.90 (d, 1H, J = 5.9 Hz),
3.69 (m, 1H), 3.36 (s, 3H, ArOCH 3 of MPM), 3.25 (m, 1H), 3.19 (m, 1H), 3.05 (m,
1H), 2.68 (s, 3H), 2.04 (m, 1H), 1.70 (s, 3H), 1.53 (m, 9H), 1.32 (app. t, 6H, J = 6.0
Hz), 1.24 (d, 3H, J = 7.0 Hz), 1.20 (app t, 6H, J = 6.7 Hz), 1.06 (t, 9H, J = 7.90 Hz,
OSi(CH 2CH 3 )3), 0.95 (s, 9H, OSi(Me) 2t-Bu), 0.90 (s, 7H), 0.66 (q, 6H, J = 7.9 Hz,
Si(CH 2CH 3)3 ), 0.79 (s, 3H, MeSi(Me)t-Bu), 0.025 (s, 3H, MeSi(Me)t-Bu).
13C NMR (C6D 6): 8 174.48, 160.14, 139.47, 138.45, 136.68, 136.63, 135.51,
133.95, 132.61, 131.68, 130.09, 128.80, 127.10, 114.52, 84.01, 78.68, 74.78, 73.52,
70.42, 56.27, 55.22, 44.47, 41.85, 41.76, 30.92, 28.80, 28.40, 26.78, 26.26, 23.94,
22.77, 22.55, 19.11, 18.57, 14.44, 13.77, 12.72, 11.29, 7.65, 5.96, -3.07, -3.44.
IR: 3023 (w), 2934 (s), 2876 (s), 2857 (s), 1739 (s), 1612 (m), 1514 (m), 1452
(s), 1362(w), 1314 (m), 1250 (s).
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pyridine, CH 2C12, r.t.
41
TESO MPMQ O O
12 H
42
To the crude alcohol st.m. (12.3 mg, 0.0198 mmole) in a 10-ml reaction flask were
added methylene chloride (3 ml), pyridine (14.2 gl, 0.198 mmole) followed by Dess-
Martin reagent (42.0 mg, 0.099 mmole). After 1 hr, the reaction mixture was diluted with
ether (c.a.5 ml) and then poured into a mixture of saturated NaHCO 3 (2 ml) and 1.0 M
Na2S203 (3 ml). The mixture was stirred for 15 min, extracted with ether three times. The
combined organics were dried with MgSO4 and concentrated to give the crude aldehyde as
slightly yellow oil which was purified by column chromatography (1:15 /EtOAc: Hexane)
to give the pure aldehyde (9.6 mg, 80% yield).
Rf = 0.63(20% EtOAc : Hexane )
1H NMR (C6 D 6 ): 8 9.65 (s, 1H, CHO ), 7.24 (d, 2H, J= 8.6 Hz, aromatic
protons), 6.80 (d, 2H, J= 8.6 Hz, aromatic protons), 5.46 (d, 1H, J= 9.5 Hz, C(9)H ),
4.55 ( d, 1H, J= 12.0 Hz, ArCHHO ), 4.25 ( dd, 1H, J= 3.0 and 5.5 Hz, C(5)H ), 4.11 (
d, 1H, J= 12.0 Hz, ArCHHO ), 3.66 (m, 2H ), 3.30 (s, 3H, ArOCH 3 ), 2.59 (m, 1H ),
2.23 (dq, 1H, J= 3.0 and 7.0 Hz, C(4)CH 3 ),1.87 (app sextet, J= 6.4 Hz ), 1.53 ( s, 3H,
C(8)CH 3 ), 1.23 (d, 3H, J= 6.5 Hz ), 1.16 (d, 3H, J= 7.0 Hz ), 1.14 (d, 3H, J= 7.0 Hz),
1.07 (d, 3H, J= 6.0 Hz ), 1.05 (t, 9H, J= 8.0 Hz, Si(CH 2 CH 3)3 ), 0.933 (s, 9H,
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SiCMe 3 ), 0.650 (q, 6H, J= 8.0 Hz, Si(CH 2CH 3)3 ), 0.067 and 0.031 (s, 6H, SiMe 2t-
Bu ).
TI
H +
MPMI
5 a
n-Bu 2BOTf, Et3 N
then aldehyde, CH 2C12,
-78 to 0 oC
To the imide auxiliary ( azotroped with toluene before use. 56.2 mg, 0.158 mmole)
in 2 ml of toluene was added triethylamine followed by n-Bu 2BOTf solution ( 189.6 gl,
0.1896 mmole) at -45 'C. The mixture was stirred at -40 oC for 2 hrs and then at 0 oC for
20 min. The mixture was re-cooled to -40 OC and the aldehyde st.m. (9.6 mg, 0.0158
mmole) in 2 ml of toluene was added. After 1.3 hrs, the mixture was placed to a -20 oC
freezer and left overnight. The reaction was further stirred at 0 oC for 2 hrs after overnight.
Reaction was quenched with sat. NaHCO3 solution followed by extractive work-up. The
crude product was purified by column chromatography (20% ETOAc/Hex) to give pure
aldol adduct (11.6 mg, 0.0121 mmole, 76% yield).
Rf = 0.22 (20% EtOAc : Hexane )
1H NMR (C6D6): 8 7.39 (d, 2H, J= 8.8 Hz ), 7.37 (d, 2H, J= 9.0 Hz), 7.01-6.83
(m, 7H ), 6.74 (d, 2H, J= 9.0 Hz), 5.62 (d, 1H, J= 4.0 Hz, C(2)H ), 5.52 (d, 1H, J=
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10.0 Hz, C(9)H ), 4.85 (d, 1H, J= 7.0 Hz), 4.61 (overlapped dd, 2H), 4.50-4.43 (m,
2H), 4.31 (d, 1H, J = 12.0 Hz), 4.24 (dd, 1H, J = 6.5 Hz), 4.06 (m, 1H), 3.96 (d, 1H,
J = 6.5 Hz), 3.69 (app. pentet, 1H, J = 6.8 Hz),3.30 (s, 3H, ArOCH 3 of MPM), 3.30
(overlapped m, 1H), 3.25 (s, 3H, ArOCH 3 of MPM), 2.68 (m, 1H), 2.39 (m, 1H), 1.76
(s, 3H), 1.44 (d, 3H, J = 7.0 Hz), 1.34 (d, 3H, J = 7.5 Hz), 1.31 (d, 3H, J = 6 Hz), 1.08
(s, 9H, OSi(Me) 2 t-Bu), 1.05 (t, 9H, J = 8.0 Hz, Si(CH2CH 3 )3), 0.67 (q, 6H, J = 8.0
Hz, Si(CH 2 CH 3)3 ), 0.62 (d, 3H, J = 6.5 Hz), 0.31 (s, 3H, MeSi(Me)t-Bu), 0.23 (s,
3H, MeSi(Me)t-Bu).
Note: Auxiliary 50a was synthesized in the following manner.
NaH, then
0
Br OH
Me
zzýý' ~ I 0 k
MeOO
OH
toluene, 90 C, 4hr, 100%
O
t-BuCOC1, then ./1,,Ph
"oH .Po 05 -
L Ph  50a
0
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Ph Me 30BF4, proton spongeCH 2C12, r.t., 99%
TI
1
Ph
0
To the starting material ( 0.0120 mmole) in 3 ml of methylene chloride were added
proton sponge ( 40.6 mg, 0.1896 mmole) and trimethyloxonium tetrafluoroborate ( 23.4
mg, 0.158 mmole) at r.t.. The mixture was stirred until the reaction completed (ca. 5-6
hrs). Saturated NaHCO 3 solution was added and the mixture was extracted with CH 2C12
three times. The combined organics were dried with MgSO4 and concentrated. The
concentrated oil was purified by flash column chromatography (10% EtOAc in Hexane) to
give the aldol product ( 9.1 mg, 80%).
Rf = 0.29 (20% EtOAc : Hexane )
1H NMR (C6D6 ): 8 7.38 (d, 2H, J = 8.5 Hz), 7.35 (d, 2H, J = 8.6 Hz), 7.00 (m,
3H), 6.84 (m, 4H), 6.75 (d, 2H, J = 8.6 Hz), 5.97 (d, 1H, J = 6.4 Hz), 5.56 (d, 1H, J =
9.8 Hz, C(9)H), 4.94 (d, 1H, J = 7.1 Hz), 4.70 (s, 2H, OCHHAr of MPM), 4.62 (d, 1H,
J = 11.2 Hz, OCHHAr of MPM), 4.37 (d, 1H, J = 11.4 Hz, OCHHAr of MPM), 4.33
(m, 1H), 4.10 (dd, 1H, J = 2.4 and 6.4 Hz), 4.01 (br d, 2H, J = 6.4 Hz), 3.70 (m, 1H),
3.64 (s, 3H, C(3)OCH 3), 3.30 (s, 3H, ArOCH 3 of MPM), 3.25 (s, 3H, ArOCH 3 of
MPM), 2.61 (m, 1H), 2.43 (m, 1H), 2.31 (m, 1H), 1.77 (s, 3H, C(8)CH3 ), 1.39(d, 3H,
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J = 7.6 Hz), 1.37 (d, 1H, J = 7.1 Hz), 1.07 (s, 9H, OSi(Me) 2t-Bu), 1.05 (t, 9H, J = 7.8
Hz, OSi(CH 2 CH 3 )3 ), 0.65 (q, 6H, J = 7.8 Hz, OSi(CH 2 CH 3)3 ), 0.28 (s, 3H,
MeSi(Me)t-Bu), 0.20 (s, 3H, MeSi(Me)t-Bu).
x·,S
1) HFoPyridine, THF, r.t.
Ph 1.
2) Dess-Martin
periodinane, pyridine
V, C
%Lr2L122 I.L.
0
To the st.m. (9.1 mg, 0.00962 mmole) in 3 ml of THF was added 100 lI of
pyridine). The mixture was cooled to 0 OC and then 40 jl of HF*pyridine (70% HF,
Aldrich) was added. After 20 min the temperature was warmed to r.t.. Another two
portions of 60 pl of HF*pyridine were added during the next 5 hrs of reaction. Sat.
NaHCO3 was added carefully. The mixture was extracted with CH 2C12 three times and the
combined extracts were dried with MgSO4 and concentrated. to give the crude oil as
product (9.1 mg, quant. yield ).
Same procedure for Dess-Martin reaction as before (i.g. see the preparation of 34).
Rf = 0.28 (30% EtOAc : Hexane ) for the alcohol.
Rf = 0.39 (30% EtOAc : Hexane ) for the ketone.
1H NMR (C6D6): 8 7.35 (d, 2H, J = 8.5 Hz, aromatic protons of MPM), 7.33 (d,
2H, J = 8.4 Hz), 7.01 (m, 3H, aromatic protons of Ph), 6.86 (m, 2H, aromatic protons of
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Ph), 6.82 (d, 2H, J = 8.8 Hz), 6.75 (d, 2H, J = 8.3 Hz), 5.97 (br d, 1H, J = 6.4), 5.65
(d, 1H, J = 9.8 Hz), 4.96 (d, 1H, J = 7.3), 4.71 (s, 2H), 4.51 4.96 (d, 1H, J = 11.2 Hz),
4.35 (dd, 1H, J = 6.8 and 6.8 Hz), 4.29 (d, 1H, J = 11.2 Hz), 4.05 (br dd, J1< 2Hz, J2 =
6.4 Hz), 3.99 4.96 (d, 1H, J = 7.3 Hz), 3.96 (dd, 1H, J = 2.9 and 5.9 Hz), 3.64 (s, 3H,
C(3)OCH3), 3.29 (s, 3H, ArOCH3 of MPM), 3.24 (s, 3H, ArOCH 3 of MPM), 3.21 (dd,
1H, J = 6.7 and 9.7 Hz), 2.34 (m, 1H), 2.26 (m, 1H), 1.86 (s, 3H), 1.71 (d, 3H, J = 1.4
Hz), 1.36 (m, 6H), 1.11 (d, 3H, J = 6.8 Hz), 1.04 (s, 9H, OSi(Me) 2t-Bu), 0.63 (d, 3H,
J = 6.8 Hz), 0.25 s, 3H, MeSi(Me)t-Bu), 0.17 (s, 3H, MeSi(Me)t-Bu).
IR: 3035 (w), 2929 (s), 2855 (s), 2360 (w), 1783 (s), 1712 (s), 1612 (m), 1586
(w), 1513 (s), 1457 (m), 1342 (m).
7.3 Synthesis of Fragment C
-Pr
16
n-Bu 2BOTf, TEA
CH2CI2
then
H 0 'Pr
61
To the imide (2.408 g, 13.0 mmole) in 26 ml of CH 2C12 was added dibutylboron
triflate solution (Aldrich, 1.0 M in CH 2C12 , 13.5 mmole) at -78 'C. After 50 min., the
mixture was warmed to 0 'C and stirred for 15 min.. The mixture was recooled to -78 oC
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before the epoxy aldehyde (1.41 g, 10.8 mmole) in 10 ml of CH 2C12 was added via
cannulation. The mixture was stirred at -78 'C for 50 min., then at 0 oC for 1.5 h. Saturated
sodium bicarbonate solution was added and the mixture was extracted with CH 2C12 three
times. The combined organics were concentrated and treated with MeOH (20 ml), pH 7
buffer (10 ml) and 30% aq. H20 2 at 0 oC for 30 min. The mixture was extracted with
CH 2C12 three times. The combined organics dried with MgSO4 and concentrated. The
concentrated oil was purified by flash column (30% EtOAc in Hexane) to give the aldol
product ( 2.038 g, 85%).
Rf = 0.16 (30% EtOAc : Hexane)
1H NMR (C6D 6): 6 4.25 (m, 1H), 4.16 (dd, 1H, J = 6.9 and 6.8 Hz), 4.01-3.88
(m, 3H), 3.81 (dd, 1H, J = 6.8 and 8.1 Hz), 3.34 (dd, 1H, J = 2.6 and 9.1 Hz), 3.13
(dd, 1H, J = 8.7 and 8.7 Hz), 2.33 (d, 1H, J = 7.5 Hz, OH), 2.10 (m, 1H, NCHi-Pr),
1.46 (d, 3H, J = 7.0 Hz, C(4)CH 3), 1.34 (s, 3H, CH 3 of acetonide), 1.24 (s, 3H, CH 3 of
acetonide), 0.50 (d, 3H, J = 6.9 Hz, CH 3 of i-Pf of the auxiliary), 0.38 (d, 3H, J = 7.0
Hz, CH3 of i-Pf of the auxiliary).
13C NMR (CDC13): 6 175.55, 153.59, 109.64, 76.79, 71.55, 66.22, 63.45,
58.51, 41.13, 28.41, 26.47, 25.42, 17.97, 14.73, 12.91.
[a]589 = +84.7 (c = 2.06. CHC13 )
Pr
LiBH 4, THF
0 oC
O0
To the aldol adduct ( 631 mg, 2.0 mmole) in 10 ml of THF at 00 C was added
lithium borohydride (261.4 mg, 12.0 mmole) was added. The reaction was stirred for 3 hrs
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and the excess lithium borohydride was quenched with methanol. The mixture was stirred
with 1.0 M solution of potassium sodium tartrate (12 ml) at r.t. for 20 min. before the
mixture was extracted with CH 2C12 three times. The combined organics were dried with
MgSO4 and concentrated. The concentrated oil was used directly in the next step.
- OMe
Meat PPTS, CH2 Me2, r.t
cat PPTS, CH2C12, r.t
To the crude diol in 10 ml of methylene chloride was added dimethylacetal of p-
anisaldahyde and PPTS at r.t.. After 1 hr, sat. NaHCO3 solution was added. Normal
extraction (CH 2C12 ) work-up and flash chromatography (20% to 25% / EtOAc: Hexane)
afforded the desired product ( 455 mg, 74% yield in two steps).
Rf = 0.20 (20% EtOAc : Hexane )
1H NMR (C6D6 ): 8 7.63 (d, 2H, J= 8.7 Hz, aromatic protons), 6.78 (d, 2H, J=
8.6 Hz), 5.43 (s, 1H, ArCHOO ), 4.17 (app q, 1H, J= 7.9 ), 3.71 ( overlapped m, 2H ),
3.59-3.62 (overlapped m, 2H ), 3.39 (dd, 1H, J= 8.2 Hz), 1.48 (s, 3H, CH 3 of acetonide
), 1.34 ( s, 3H, CH 3 of acetonide ), 1.01 (d, 3H, J= 7.1 Hz, C(4)CH3 ).
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DIBAL-H
CH 2C12, 0 C
63 64a
To the acetal ( 438 mg, 1.42 mmole) in 7 ml of methylene chloride was added 1.0
M DIBAL-H solution in hexanes (4.26 ml, 4.26 mmole) at 0 oC. The reaction completed
within 1 hr. The mixture was treated MeOH carefully to destroy the excess DIBAL-H
followed by 1 M aq. solution of potassium sodium tartrate (6 ml). The mixture was then
stirred at r.t. for 30 min. The mixture was extracted with methylene chloride three times.
The organic extracts were dried with MgSO4 and concentrated. The resulting oil was
purified by column chromatography (1:2 / EtOAc: Hexane) to give the product (374.6 mg,
1.20 mmole, 85% yield). Rf = 0.18 (30% EtOAc : Hexane )
1H NMR (CDC13 ): 8 7.30 (d, 2H, J= 9.1 Hz, aromatic protons), 6.88 (d, 2H, J=
9.1 Hz, aromatic protons), 4.73 (d, 1H, J= 10.9 Hz, ArHHO), 4.63 (d, 1H, J= 10.9 Hz,
ArHHO ), 4.31 (ddd, 1H, J = 6.4, 6.4 and 8.5 Hz), 4.00 (dd, 1H, J = 6.7 and 8.5 Hz),
3.81 (s, 3H, ArOCH3), 3.62 (dd, 1H, J = 8.6 Hz), 3.52 (m, 3H), 1.72 (m, 1H, C(4)H),
1.45 (s, 3H, CH3 of acetonide), 1.40 (s, 3H, CH3 of acetonide), 0.92 (d, 3H, J = 7.8 Hz,
C(4)CH 3 ).
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1) Dess-Martin
2) EtMgBr, THF, -78 'C
3) Swern Oxidn.
64a 70a
To the alcohol st.m. (310.3 mg, 1.127 mmole) in a 10-ml reaction flask were added
methylene chloride (10 ml), pyridine (273.4 gl, 3.38 mmole) followed by the Dess-Martin
reagent (717.4 mg, 1.69 mmole). After 1 hr, the reaction mixture was diluted with ether
(c.a. 10 ml) and then poured into a mixture of saturated NaHCO3 (12 ml) and 0.4 M
Na 2S2SO 3 (30 ml). The mixture was stirred for 15 min, extracted with ether three times.
The combined organics were dried with MgSO4 and concentrated to give the crude
aldehyde as slightly yellow oil, which was used in the next step.
The crude aldehyde was dissolved in 7 ml of dry THF, cooled to -78 0 C and then
treated with 0.61 M solution of ethyl Grignard reagent in THF ( 2.03 ml, 1.24 mmole).
After 20 min, the mixture was warmed to 0 oC and stirred for 20 min. The reaction was
quenched with sat. NH 4Cl solution, extracted with ether three times. The combined
organics were dried with MgSO4 and concentrated to give the crude alcohol as a
diastereomeric mixture, which was directly used in the next step.
The above crude mixture was oxidized by a standard Swern oxidation procedure to
give the ethyl ketone as a slightly yellow solid (296.6 mg, overall 82% yield for three
steps).
Rf = 0.28 (20% EtOAc : Hexane )
1H NMR (C6D6 ): 6 7.23 (d, 2H, J= 8.7 Hz), 6.78 ( d, 2H, J= 8.7 Hz), 4.60 (d,
1H, J= 11.4 Hz, ArCHHO ), 4.48 (d, 1H, J= 11.4 Hz, ArCHHO ), 4.14 ( m, 1H, C(2)H
), 3.79 (dd, 1H, J= 5.7 Hz), 3.71 (dd, 1H, J= 7.2 and 8.7 Hz ), 3.59 (1H, dd, J= 8.2 Hz
), 3.28 (s, 3H, OCH 3 ), 2.43 (dq, 1H, J= 6.9 and 7.8 Hz, C(4)H ), 2.00-2.26 (m, 2H,
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C(6)H 2 ), 1.44 (s, 3H, CH 3 of acetonide ), 1.31 (s, 3H, CH 3 of acetonide ), 1.06 (d, 3H,
J= 6.3 Hz, C(4)CH 3 ), 0.99 (t, 3H, J= 6.8 Hz, C(7)H 3 ).
13C NMR (C6D 6): 8 211.26, 160.25, 131.58, 130.08, 114.48, 109.84, 80.19,
78.52, 74.35, 60.60, 55.19, 48.59, 34.99, 27.06, 26.21, 12.81, 8.25.
IR: 3010 (w), 2982(s), 2936(s), 2836(s), 1713 (s), 1613(s), 1586 (m), 1514 (s),
1456 (s).
The corresponding methyl protected ketone was prepared in a slightly different
fashion as shown below.
H 0 "-Pr
O O
61
1) Me 3BF 4 , proton sponge
CH 2C12, r.t., 99%
2) BnOli, THF, 77%
3) H2, Pd / C, EtOH, 100%
4) EtLi, THF, -78 oC to
0 oC, 56 %
Rf = 0.33 (20% EtOAc : Hexane )
1H NMR (C6D6): 8 4.07 (ddd, 1H, C(2)H ), 3.67 (dd, 1H, J = 5.8 and 8.3 Hz),
3.54 (dd, 1H, J = 8.4 and 8.4 Hz), 3.46 (dd, 1H, J = 5.4 and 5.4 Hz), 3.24 (s, 3H,
OCH 3 ), 2.39 (app. dq, 1H, C(4)H ), 2.10-2.22(m, 2H, C(6)HH), 1.41 (s, 3H, CH 3 of
acetonide), 1.29 (s, 3H, CH 3 of acetonide), 1.01 (t, 3H, J = 3.4 Hz, C(7)H 3).
MS (EI): 215 ( 9.07%, M-CH3), 155 (3.87%), 141 (13.09%), 101 (80.08%),
73(26.18%), 56 (100%).
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7.4 Model Reaction of Coupling of Fragments B and C
1. NaHMDS, THF, -78 oC H O QMPM
then TMSC1
2. PhCHO, BF 3.OEt 2, -78 C Ph
70a 71
To the ethyl ketone (67.3 mg, 0.2 mmole) in 3.5 ml of THF was added 1.0 M
solution of sodium hexamethyldisilylizide (240 gl, 0.24 mmole) at -78 'C and the mixture
was stirred for 25 min. Then a clear solution of 4: l(v:v) / TMSCI: Et3N (63.5 gl, 0.40
mmole) was added. The mixture was stirred at that temperature for 10 min., then warmed
to r.t. and stirred for 30 min. The mixture was then treated with sat. NaHCO 3 solution (3
ml), extracted with ether three times. The organic extracts were dried with NaSO 4 and
concentrated.
Crude silyl enol ether 1H NMR (C6D 6 ): 8 7.40 (d, 2H, J= 8.7 Hz, aromatic
protons), 6.82 (d, 2H, J= 8.7 Hz), 4.94 (d, 1H, J= 10.8 Hz, ArCHHO ), 4.70 (d, 1H, J=
10.8 Hz, ArCHHO ), 4.64 (q, 1H, J= 6.3 Hz, C(6)H ), 4.34 (m, 1H, C(2)H ), 3.85 (dd,
1H, J= 6.3 and 8.1 Hz ), 3.70-3.74 (overlapped m, 2H ), 3.29 (s, 3H, OCH3 ), 2.18 (m,
1H, C(4)H ), 1.54 (dd, 3H, J= 0.7 and 6.6 Hz, C(6)H 3 ), 1.49 (s, 3H, CH3 of acetonide
), 1.40 (s, 3H, CH3 of acetonide ), 1.15 (d, 3H, J= 7.2 Hz, C(4)CH 3 ), 0.136 (s, 9H,
SiMe 3).
The above concentrated oil (azotroped with toluene before use), benzaldehyde
(40.7 gl, 0.40 mmole) and methylene chloride (3 ml) were mixed in a 10-ml reaction flask
and cooled to -78 'C. Then F3B*OEt 2 (36.9 gl, 0.30 mmole) was added. After 2 hrs of
reaction, sat. aq. NaHCO 3 solution was added. The mixture was extracted with ether three
times and the combined extracts were dried with MgSO 4 and concentrated. The crude oil
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was purified by column chromatography (20% to 25% EtOAc / Hexane) to give the aldol
product (64.6 mg, 0.151 mmole, 76% overall yield).
Rf = 0.30 (30% EtOAc : Hexane)
1H NMR (C6D6 ): 5 7.02-7.31 (m, 7H, aromatic protons ), 6.78 (d, 2H, J= 8.5
Hz, Ar of MPM ), 4.91 (dd, 1H, J = 1.7 and 4.3 Hz, C( 7)H ), 4.51 (d, 1H, J= 11.1,
ArCHHO of MPM ), 4.41 ( d, 1H, J= 11.1, ArCHHO of MPM ), 4.08 ( m, 1H, C(2)H ),
3.60-3.70 (m, 3H ), 3.27 (s, 3H, CH 30 ), 2.90 (dq, 1H, J= 4.9 and 6.98 Hz ), 2.66 (m,
1H ), 1.44 (s, 3H, Me of acetonide ), 1.28 (s, 3H, Me of acetonide ), 1.13 (d, 3H, J=
6.97 Hz ), 0.941 ( d, 3H, J= 7.17 Hz).
OH 0 QMPMTiCl4, i-Pr2NEt, then PhCHO OH 0 OMPM
Phi.- 0 O
or Sn(OTf) 2, Et3N, then PhCHO 0-7ý,
70a 81
To Sn(OTf)2 (Aldrich, 66.9 mg, 0.1606 mmole) in 1 ml of methylene chloride was
added triethyl amine at -78 'C and it turned slightly yellow. To this mixture was then added
the ethyl ketone st.m. (27.0 mg, 0.0803 mmole) in 3 ml of methylene chloride via
cannulation. The mixture was stirred for 2 hrs then benzaldehyde (20.4 ttl, 0.201 mmole)
was added. After 24 hrs of stirring, sat. NaHCO3 was added. The mixture was extracted
with CH 2C12 three times and the combined extracts were dried with MgSO 4 and
concentrated. The crude oil was purified by column chromatography (20% to 30% EtOAc /
Hexane) to give the aldol product (19.7 mg, 0.0462 mmole, 57% yield, 91% with
recovered st.m.) along with 10.0 mg of recovered ethyl ketone (37%).
Rf = 0.29 (30% EtOAc : Hexane )
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1H NMR (C6D6 ): 8 7.42 ( d, 2H, J = 7.8 Hz, Ar of MPM ), 7.05-7.25 (m, 5H,
aromatic protons ), 6.78 (d, 2H, J= 7.8 Hz, Ar of MPM ), 5.30 (app. t, J= 3.2 Hz, C(7)H
), 4.41 (AB, 2H, J = 11 Hz, ArCHHO of MPM ), 4.06 (ddd, 1H, J= 4.4, 6.6 and 6.6
Hz, C(2)H ), 3.65 (dd, 1H, J= 7.6 and 7.6 Hz), 3.58 ( dd, 1H, J = 7.8 and 7.8 Hz ),
3.48 (dd, 1H, J = 4.4 and 5.8 Hz ), 3.44 ( d, 1H, J = 3.3 Hz ), 3.28 ( s, 3H, ArOCH 3 ),
3.05 ( dq, 1H, J = 3.0 and 7.2 Hz ), 2.86 ( app. quint., J = 6.6 Hz ), 1.42 (s, 3H, CH 3 of
acetonide ), 1.28 (s, 3H, CH 3 of acetonide ), 1.06 (d, 3H, J= 6.9 Hz, either C(4)CH 3 or
C(6)CH 3 ), 1.01 (d, 3H, J = 7.5 Hz, either C(4)CH 3 or C(6)CH 3 ).
PI4P
1. DIBAL-H, THF, -78 "C
SPh
2.p-MeC 6H4(OMe) 2
DD'F'V
0- O OMPM
CaL. I L
A typical procedure: To the st.m. ( 77 mg, 0.174 mmole ) in 3 ml of THF at
-78 oC was added the DIBAL-H solution in Hexane ( 1.0 M, 0.870 mmole ) along the
walls of the reaction flask. The mixture was stirred until the reaction completed ( several
hours ). Excessive DIBAL-H was destroyed by MeOH. Potassium sodium tartrate solution
( 1.0 M, c.a. 0.9 mmole ) was added. The mixture was stirred until the two layer separated
well (30-45 min ). The mixture was extracted with CH 2C12 ( 2X ) and EtOAc ( 2X ). The
combined organics were dried with MgSO 4 and concentrated. The concentrated oil was
purified by flash column (30% to 35% EtOAc in Hexane) to give the aldol product ( 80 mg,
quant. ). The diol ( 30 mg, 0.0675 mmole ) in 2 ml of CH 2C12 was added dimethyl acetal
of p-anisaldehyde followed by PPTS ( 1 tip ). The reaction was stirred until completion ( 3
hrs ). Saturated NaHCO 3 solution was added and the mixture was extracted with CH 2C12
three times. The combined organics were dried with MgSO4 and concentrated. The
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concentrated oil was purified by flash column (10% to 15% EtOAc in Hexane) to give the
aldol product ( 33.4 mg, 90% ).
Rf = 0.50 (30% EtOAc : Hexane )
1H NMR (C6D6 ): The assignments are made by decoupling experiments. 8 7.64 (
d, 2H, J= 8.7 Hz ), 7.44 ( d, 2H, J = 8.7 Hz ), 7.33 ( d, 2H, J = 7.5 Hz ), 7.23 ( app t, J
= 7.5 Hz ), 7.12 ( m, 1H ), 6.84 ( d, 2H, J = 8.7 Hz ), 6.82 ( d, 2H, J = 8.4 Hz ), 5.53 (
s, 1H, MPCH(OR) 2 ), 5.21 ( d, 1H, J = 11.4 Hz, ArCHHO of MPM ), 4.89 ( d, 1H, J =
11.4 Hz, ArCHHO of MPM ), 4.82 ( d, J is too small to measured, C(7)H ), 4.41 ( ddd,
1H, J = 8.4, 6.0, 6.0 Hz, C(2)H ), 4.18 ( d, 1H, J = 8.1 Hz, C(3)H ), 4.02 ( d, 1H, J =
10.2 Hz, C(5)H ), 3.75 ( dd, 1H, J = 8.4 and 6.0 Hz, C(1)H ), 3.46 ( dd, 1H, J = 8.4
Hz, C(1)H ), 3.29 (s, 3H, ArOCH3 ), 3.26 ( s, 3H, ArOCH 3 ), 1.75 ( m, 1H, C(6)H ),
1.51 ( m, 1H, C(4)H? ), 1.42 ( s, 3H, Me of acetonide ), 1.40 ( s, 3H, Me of acetonide ),
0.83 ( d, 3H, J = 6.9 Hz, either C(4)CH 3 or C(6)CH 3 ), 0.77 ( d, 3H, J = 6.9 Hz, either
C(4)CH 3 or C(6)CH 3 ).
HO OMPMH 04 MPM MeCHO, SmI2, THF
Ph 7
71
A typical Evans-Tischenko procedure: To the st. m. (21 mg. 0.0492 mmole)
in 2 ml of THF at 0 oC was added acetaldehyde (freshly distilled, 55 RLl) followed by SmI2
solution ( 0.1 M, 1.47 ml, 0.147 mmole) in dark. The mixture was stirred at 0 "C for 45
min., then at r.t. for 50 min. Sat. aq. solution of NaHCO 3 was added and the mixture was
extracted with ether for three times. The combined organic extracts were dried with
MgSO 4, concentrated and columned ( 30% EA / Hex ) to give the desired product ( 17.0
mg, 0.0361 mmole, 73% yield ).
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Rf = 0. 27 (30% EtOAc : Hexane )
1H NMR (C6D 6): 8 7.29 ( d, 2H, J= 8.7 Hz, Ar of MPM ), 6.88-7.17 (m, 5H ),
6.80 (d, 2H, J= 8.7 Hz, Ar of MPM ), 4.67 (d, 1H, J= 11.1 Hz, ArCHHO of MPM ),
4.58 (d, 1H, J= 11.1 Hz, ArCHHO of MPM ), 4.26 ( ddd, 1H, J = 6.0, 6.0 and 8.1 Hz,
C(2)H ), 4.11 ( d, 1H, J= 1.5 Hz, OH? ), 3.82 ( d, 1H, J = 9.3 Hz ), 3.73 (dd, 1H, J =
6.3 and 8.1 Hz ), 3.48 ( dd, 1H, J = 8.1 and 8.1 Hz ), 3.43 ( dd, 1H, J = 4.2 and 6.0 Hz
), 3.29 ( s, 3H, CH 3OAr ), 1.99 ( m, 1H ), 1.82 (s, 3H, COCH3 ), 1.66 ( m, 1H ), 1.40 (
s, 3H, Me of acetonide ), 1.31 ( s, 3H, Me of acetonide ), 0.91 ( d, 3H, J = 7.2 Hz, either
C(4)CH 3 or C(6)CH 3 ).
Al OH OMPMA OH OMPM DDQ, Na 2SO 4  Ac o
Ph 7 5 - 10
0 6 CH2CI2, r.t. Ph 7 5 0
74 75
A typical DDQ oxidation in anhydrous conditions: The st. m. ( 16.5 mg,
0.0350 mmole ) in 2 ml of CH2C12 was stirred with anhydrous NaSO 4 ( c.a. 300 mg ) at
r.t. for 10 min before 2,3-dichloro-5,6-dicyanoquinone ( DDQ, 19.1 mg, 0.0840 mmole )
was added. The mixture was stirred for 1 hr and sat. aq. NaHCO3 solution was added. The
mixture was extracted with CH 2C12 three times. The combined organics were dried with
MgSO4 and concentrated. The concentrated oil was purified by flash column (25% EtOAc
in Hexane) to give the aldol product ( 14.5 mg, 88%) as a white solid.
Rf = 0.3 (30% EtOAc : Hexane )
1H NMR (C6D6): 8 7.85 ( d, 2H, J= 9.0 Hz, Ar of MPM ), 7.05-7.16 (m ), 6.83
(d, 21H, J= 9.0 Hz, Ar of MPM ), 6.79 ( d, 1H, J = 1.8 Hz ), 5.58 ( s, 1H, MPCH(OR) 2
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), 4.33 ( dd, 1H, J = 7.6 and 13.9 Hz ), 3.79 (dd, 1H, J = 6.45 and 7.95 Hz ), 3.68 (dd,
1H, J = 2.1 and 7.2 Hz ), 3.59 ( dd, 1H, J = 1.65 and 10.4 Hz ), 3.47 ( dd, 1H, J = 8.1
and 8.1 Hz ), 3.23 ( s, 3H, ArCH30), 2.05 ( m, 1H ), 1.83 ( s, 3H, MeC=O ), 1.51 ( s,
3H, Me of acetonide ), 1.40 ( s, 3H, Me of acetonide ), 1.18 ( m, 1H ), 0.87 ( d, 3H, J =
6.9 Hz, either C(4)CH 3 or C(6)CH 3 ), 0.63 ( d, 3H, J = 6.3 Hz, either C(4)CH 3 or
C(6)CH 3 ).
H HOMPM
DDQ, Na2SO4, CH 2C12
Ph 5  3 0 
_
Same procedure as before. 74% yield.
Rf = 0.25 (30% EtOAc : Hexane )
1H NMR (C6D6 ): 8 7.62 ( d, 2H, J= 8.8 Hz, Ar of MPM ), 7.05-7.16 (m ), 6.80
(d, 2H, J= 8.8 Hz, Ar of MPM ), 5.70 ( s, 1H, MPCH(OR) 2 ), 4.46 ( d, 1H, J = 1.8 Hz,
C(7)H ), 4.30 ( dd, 1H, J = 7.6 and 15.0 Hz ), 4.08 ( dd, 1H, J = 2.85 and 7.4 Hz ),
3.91 ( dd, 1H, J = 7.0 and 7.0 Hz ), 3.86 ( dd, 1H, J = 6.9 and 6.9 Hz ), 3.80 ( dd, 1H, J
= 2.85 and 8.5 Hz ), 3.60 ( dd, 1H, J = 8.2 Hz ), 3.26 ( s, 3H, ArCH 30 of MP ), 2.25 (
m, 1H ), 1.54 ( s, 3H, Me of acetonide ), 1.38 ( s, 3H, Me of acetonide ), ca 1.38 (m, 1H,
superimposed with Me of acetonide ), 1.07 ( d, 3H, J = 6.6 Hz, either C(4)CH 3 or
C(6)CH 3 ), 0.99 ( d, 3H, J = 6.9 Hz, either C(4)CH 3 or C(6)CH 3 ).
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HO O OMPM
H 0M 1. DIBAL-H, THF, -78 oC
Ph 7 5 1
2. DDQ, Na 2SO 4 , CH 2C12
81
U•P
Q 9 OH OH OQO
Ph 3 0 Ph
-- 61
83a 83b
Rf = 0.5 (30% EtOAc : Hexane )
1H NMR (C6D6 , all the assignments were assisted by decoupling experiments): 8
7.60 ( d, 2H, J = 9.0 Hz, aromatic protons of MP or MPM ), 7.23 ( m, 2H, aromatic
protons of Ph ), 7.34 ( d, 2H, J = 8.7 Hz, aromatic protons of MP or MPM ), 7.07 ( m,
3H, aromatic protons of Ph ), 6.85 ( two sumprosed d, 4H, aromatic protons of MP and
MPM ), 5.74 ( s, 1H, MPCH(OR) 2 ), 5.39 ( d, 1H, J = 11.4 Hz, ArCHHO of MPM ),
4.99 ( s, 1H, C(7)H ), 4.54 ( d, 1H, J = 11.4 Hz, ArCHHO of MPM ), 4.36 ( m, 1H,
C(2)H ), 4.15 ( dd, 1H, J = 1.6 and 9.6 Hz, C(5)H ), 3.77 ( dd, 1H, J = 6.0 and 8.2 Hz,
C(1)H ), 3.62 ( dd, 1H, J = 1.8 and 7.8 Hz, C(3)H ), 3.44 ( dd, 1H, J = 8.6 and 8.6 Hz,
C(1)H ), 3.33 ( s, 3H, OCH3 of MPM or MP ), 3.26 ( s, 3H, OCH 3 of MPM or MP ), 35
( m, 1H, C(6)H ), 1.58 (m, 1H, C(4)H ), 1.38 ( s, 3H, CH3 of acetonide ), 1.36 ( s, 3H,
CH3 of acetonide ), 1.33 ( d, 3H, J = 6.7 Hz ), 6.7 Hz ).
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Same procedure as before. 58% yield.
Rf = 0.21 (30% EtOAc : Hexane )
1H NMR (C6D6): 5 7.43 ( d, 2H, J= 8.5 Hz, Ar of MPM ), 7.05-7.27 (m, 5H ),
6.83 (d, 2H, J= 8.5 Hz, Ar of MPM ), 6.00 ( d, 1H, J = 9.7 Hz, C(7)H ), 5.10 ( d, 1H, J
= 11.2 Hz, ArCHHO of MPM ), 4.68 ( d, 1H, J = 11.2 Hz, ArCHHO of MPM ), 4.34 (
ddd, 1H, J = 6.9, 6.9 and 8.67 Hz ), 4.01 ( br app quint., 1H, J = 3.5 Hz ), 3.76 (dd,
1H, J = 6.07 and 8.0 Hz ), 3.50 ( dd, 1H, J = 2.3 and 7.1 Hz ), 3.40 (dd, 1H, J = 8.4
and 8.4 Hz ), 3.31 ( s, 3H, ArOCH 3 ), 2.97 ( d, 1H, J = 4.0 Hz ), 2.23 ( m, 1H ), 1.59 (
s, 3H, MeC=O ), 1.42 ( s, 3H, Me of acetonide ), 1.34 ( s, 3H, Me of acetonide ), 1.18 (
d, 3H, J = 6.7 Hz, either C(4)CH 3 or C(6)CH 3 ), 0.77 ( d, 3H, J = 6.9 Hz, either
C(4)CH 3 or C(6)CH 3 ).
AcQ OH OMPM DDQ, Na 2SO 4
"_ _ _ AcO 0' 0
PhO7 5 0
84 85
Rf = 0.38 (30% EtOAc : Hexane )
1H NMR (C6D6, all the assignments were assisted by decoupling experiments): 8
7.56 ( d, 2H, J = 8.7 Hz, aromatic protons of MP ), 7.05-7.24 ( m, 5H, aromatic protons
of Ph ), 6.78 ( d, 2H, J = 8.7 Hz, aromatic protons of MP ), 5.94 ( d, 1H, J = 6.3 Hz,
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C(7)H ), 5.34 ( s, 1H, MPCH(OR) 2 ), 4.30 ( m, 1H, C(2)H ), 3.82 (dd, 1H, J = 6.3 and
8.1 Hz, C(1)H ), 3.76 (dd, 1H, J = 2.1 and 7.3 Hz, C(3)H ), 3.53 (dd, 1H, J = 8.2 and
8.2 Hz, C(1)H ), 3.46 (dd, 1H, J = 1.8 and 8.7 Hz, C(5)H ), 3.23 (s, 3H, OCH 3 ), 2.48
( m, 1H, C96)H ), 1.61 ( s, 3H, O=CCH 3 ), 1.54 ( m, 1H, C(4)H ), 1.47 ( s, 3H, CH 3
of acetonide ), 1.36 ( s, 3H, CH 3 of acetonide ), 1.19 ( d, 3H, J = 6.9 Hz, C(4)CH 3 ),
1.02 ( d, 3H, J = 6.9 Hz, C(6)CH 3 ).
1. K 2C0 3, MeOH/H 20AcQ OH OMPM 2. p-MeOC 6H4CH(OMe) 2  0 0 OMPM
Ph O PPTS, CH 2 C127( Ph 7 5 -0
84 87
To the st.m. ( 16.5 mg, 0.0339 mmole ) in 2 ml of MeOH and 0.2 ml of H202 was
added K2 CO 3 ( 46.8 mg. 0.338 mmole ) and was stirred for 2 hrs. The mixture was
extracted with CH2C12 three times. The combined organics were dried with MgSO4 and
concentrated to give the crude product ( 15.5 mg, quant. ).
To the above crude material in 2 ml of methylene chloride were added dimethyl
acetal of p-anisaldehyde ( 13.8 gl, 0.0865 mmole) and PPTS (1 tip of spatula) at rt. After 2
hrs, saturated NaHCO 3 solution was added and the mixture was extracted with CH 2C12
three times. The combined organics were dried with MgSO4 and concentrated. The
concentrated oil was purified by flash column (14% EtOAc in Hexane) to give the product
(13.1 mg, 67%), which was further purified by a second column (1:6 / acetone:hexane) to
get purer sample for analytical purpose.
Rf = 0.51(30% EtOAc : Hexane ), Rf = 0.28 ( EtOAc : benzene)
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1H NMR (C6D6, all the assignments were assisted by decoupling experiments): 8
7.60 ( d, 2H, J = 9.0 Hz, aromatic protons of MP or MPM ), 7.23 ( m, 2H, aromatic
protons of Ph ), 7.34 ( d, 2H, J = 8.7 Hz, aromatic protons of MP or MPM ), 7.07 ( m,
3H, aromatic protons of Ph ), 6.85 ( two sumprosed d, 4H, aromatic protons of MP and
MPM ), 5.74 ( s, 1H, MPCH(OR) 2 ), 5.39 ( d, 1H, J = 11.4 Hz, ArCHHO of MPM ),
4.99 ( s, 1H, C(7)H ), 4.54 ( d, 1H, J = 11.4 Hz, ArCHHO of MPM ), 4.36 ( m, 1H,
C(2)H ), 4.15 ( dd, 1H, J = 1.6 and 9.6 Hz, C(5)H ), 3.77 ( dd, 1H, J = 6.0 and 8.2 Hz,
C(1)H ), 3.62 ( dd, 1H, J = 1.8 and 7.8 Hz, C(3)H ), 3.44 ( dd, 1H, J = 8.6 and 8.6 Hz,
C(1)H ), 3.33 ( s, 3H, OCH 3 of MPM or MP ), 3.26 ( s, 3H, OCH 3 of MPM or MP ), 35
( m, 1H, C(6)H ), 1.58 (m, 1H, C(4)H ), 1.38 ( s, 3H, CH 3 of acetonide ), 1.36 ( s, 3H,
CH 3 of acetonide ), 1.33 ( d, 3H, J = 6.7 Hz ), 6.7 Hz ).
7.5 Model Studies of Coupling of Fragments A and BC
l1\ 'T'lDC'"CV .T' ,0 £ .•.' *
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92
To compound 92 ( 1.300g, 2.35 mmole) in 20 ml of CH 2C12 was added 2,6-
lutidine (547.4 ml, 4.7 mmole) followed by TBSOTf (757.9 gl, 3.30 mmole) at 0 o C.
After the reaction completed (lhr 10 min.), saturated NaHCO 3 solution was added and the
mixture was extracted with ether three times. The combined organics were washed with
dilute aq. HCI (0.5 N x 10 ml) to get rid of the excess lutidine, then was dried with MgSO4
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and concentrated. The concentrated oil was pure enough for next step ( 1.57g, quant.
yield).
To the above crude product (112 mg, 0.168 mmole) in 3 ml of methylene chloride
was added DIBAL-H solution (504 pl, 0.540 mmole) at -78 'C. After all the st. m. had
reacted, MeOH was added carefully to destroy the excess DIBAL-H. Then aq. potassium
sodium tartrate solution (1.0 M, 2 ml) and the mixture was warmed to rt. and stirred for 45
min. Saturated NaHCO 3 solution was added and the mixture was extracted with CH2C12
three times. The combined organics were dried with MgSO4 and concentrated. The
concentrated oil was purified by flash column (15-20% EtOAc in Hexane) to give the aldol
product ( 38.2 mg, 92%) and the recovered auxiliary (98%).
Rf = 0.3 (10% EtOAc : Hexane )
1H NMR (CDC13 ): 8 3.67 (m, 1H, C(1)HH), 3.59 (m, 1H, C(1)HH), 2.66 (dd,
1H, J = 6.0 and 6.0 Hz, OH), 1.87 (m, 2H, C(2)H and C(4)H), 0.99 (d, 3H, J = 7.2 Hz,
C(2)CH 3 ), 0.956-0.918 (overlapped, 6H, C(4)(CH 3)2), 0.93 (s, 9H, Me 2Sit-Bu), 0.13
and 0.098 (s, 6H, Me2Sit-Bu).
Note: Aldol product 92 was prepared according to the literature.
TBSQ O
PCC, CH2C W
-1
r~t.
r.t.
90
A 10-ml flask was charged with alcohol 94 (56 mg, 0.227 mmole), 300 mg of 4A
molecule sieve powder and 3 ml of methylene chloride. Then PDC was added at rt. After
all the st.m had reacted, ether was added and the diluted mixture was filtered through a
Celite-MgSO 4 pad. The solids were washed eight times with ether. The combined filtrates
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were concentrated and then columned (1:20 / EtOAc:Hex) to give the pure aldehyde (42.6
mg, 77%).
Rf = 0.50 (10% EtOAc : Hexane )
1H NMR (CDC13): 8 9.79 (d, 1H, J = 2.4 Hz, C(1)H), 3.68 (dd, 1H, J = 4.5,
C(3)HOSi), 2.54 (m, IH, C(2)HMe), 1.84 (m, 1H, C(4)H ), 1.10 (s, 3H, J = 7.1 Hz,
C(2)CH 3), 0.941-0.89 (6H, overlapped, C(4)(CH 3)2 ), 0.899 (s, 9H, Me2Sit-Bu), 0.077
and 0.062 (s, 6H, Me2 Sit-Bu).
TESO MPMO
t-BuCOC1, pyr.
OH -
1 CH OH  I 2, 0C to rt.
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TESO MPMQ 0
5 0 t-Bu
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To the st.m (127 mg, 0.291 mmole) in 4 ml of methylene chloride was added
pyridine (165 gl, 2.04 mmole) followed by trimethylacetyl chloride (pivaloyl chloride,
179.2 gl, 1.45 mmole). After 35 min, the reaction was warmed to rt. After all the st.m had
consumed (approximately 4-5 hrs), saturated NaHCO 3 solution was added and the mixture
was extracted with ether three times. The combined organics were washed with sat.
NH 4Cl solution and dried with MgSO4 and concentrated. The concentrated oil was
purified by flash column chromatography (1:12 / EtOAc : Hexane) to give the aldol product
(152.5 mg, 100%).
Rf = 0.62 (20% EtOAc : Hexane )
1H NMR (C6 D6, 500 MHz ): 8 7.28 (d, 2H, J = 8.79 Hz, aromatic protons), 6.82
(d, 2H, J = 8.79 Hz, ar (s), aromatic protons), 5.27 ( d, 1H, J = 9.77, C(9)H ), 4.53 ( d,
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(s), 1H, J = 11.23 Hz, ArCHHO of MPM ), 4.52 ( m, 2H ), 3.88 (
10.74 Hz ), 3.59 ( app qnt., 1H, J = 3.59 Hz ), 3.55 ( d, 1H, J =
OCH 3 ), 2.56 ( app. dt, 1H, J = 6.84 and 9.77 Hz ), 2.12 ( app dt, J
), 1.60 ( d, 3H, J = 0.98 Hz, C(8)CH 3 ), 1.18 ( d, 3H, J = 7.0 Hz ),
3H ), 1.166 ( s, 9H, t-Bu ), 1.11 ( d,, 3H, J = 6.35 Hz ), 1.05 ( t,
0.64 ( q, 6H, J = 8.0 Hz, OSi(CH 2CH 3 ).
IR: 3080-2958 (s), 2876 (s), 1810 (s), 1730 (s), 1613 (s),
1460 (s), 1397 (s), 1367 (s), 1294 (s).
TESO MPMO O TBAF
1 t-Bu THF, rt.
106
dd, IH, J = 6.84 and
7.81 ), 3.31 ( s, 3H,
= 6.47 and 12.94 Hz
1.17 ( overlapped d,
9H, OSi(CH2 CH 3 ),
1586 ( m), 1513 (s),
HO MPMQ 0
1 O t-Bu12
107
To the st.m. (145 mg, 0.273 mmole) in 5 ml of THF was added tetrabutylamonium
fluoride monohydrate (356.9 mg, 1.36 mmole) at rt. After the reaction was completed
(approx. 1.2 hr), 3 ml each of water and sat. aq. NH4 Cl were added. The mixture was
extracted with ether four times. The combined organics were washed with brine, dried with
MgSO4 and concentrated. The resulting oil was purified by column chromatography using
30% EtOAc:Hexane as eluent to give the desired product as a oil (103.5 mg, 93% yield).
Rf = 0.16 (20% EtOAc : Hexane )
1H NMR (C6D6): 8 7.25 ( d, 2H, J = 8.7 Hz, aromatic protons of MPM ), 6.80 (
d, 2H, J = 8.7 Hz, aromatic protons of MPM ), 5.23 ( d, 1H, J = 10.2 Hz, C(9)H ), 4.48
( d, 1H, J = 11.4 Hz, ArCHHO of MPM ), 4.14 ( d, 1H, J = 11.4 Hz, ArCHHO of MPM
), 4.02 ( dd, 1H, J = 4.5 and 10.8 Hz ), 3.92 ( dd, 1H, J = 5.8 and 10.9 Hz ), 3.49 ( d
sumprosed with a m, 2H, J = 8.3 Hz for d ), 3.31 ( s, 3H, OCH3 ), 2.40 ( m, 1H ), 2.02 (
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m, 1H ), 1.58 ( s, 3H, C(8)CH3 ), 1.16 ( d, 3H, J = 6.8 Hz ), 1.13 ( s, 9H, O=COt-Bu ),
1.07 ( d, 3H, J = 6.4 Hz ), 1.03 ( d, 3H, J = 6.6 Hz ).
IR: 3492 ( m, br ), 3050 (w), 2968 (s), 2872 (s), 2837 (s), 1728 (s), 1613 (s),
1586 (m), 1514 (s), 1463 (s), 1398 (s), 1368 (s), 1286 (s), 1248 (s), 1171 (s).
HO MPMQ 0
- - KDess-Martin periodinane
0 t-Bu
1 t-Bu CH2C1 2, r.t.
107
0 MPMO O0
S0 t-Bu
12
105
To the alcohol st.m. (101 mg, 0.248 mmole) in a 10-ml reaction flask were added
methylene chloride (5 ml) followed by the Dess-Martin reagent (263.4 mg, 0.621 mmole).
After 1 hr, the reaction mixture was diluted with ether (c.a. 10 ml) and then poured into a
mixture of saturated NaHCO 3 (3 ml) and 1.0 M Na2S203 (5 ml). The mixture was stirred
for 15 min, extracted with ether three times. The combined organics were dried with
MgSO4 and concentrated to give the crude aldehyde as slightly yellow oil (100.3 mg,
quant. yield), which is pure enough to be used in the next step reaction.
Rf = 0.38 (20% EtOAc : Hexane)
1H NMR (C6D6): 8 7.22 ( d, 2H, J = 8.8 Hz, aromatic protons of MPM ), 6.81 (
d, 2H, J = 8.7 Hz, aromatic protons of MPM ), 5.23 ( d, 1H, J = 10.4 Hz, C(9)H ), 4.41
( d, 1H, J = 11.4 Hz, ArCHHO of MPM ), 4.08 (d, 1H, J = 11.4 Hz, ArCHHO of MPM
), 4.06 ( dd, 1H, J = 4.56 and 10.84 Hz, C(5)HH), 3.73 ( dd, 1H, J = 6.2 and 10.9 Hz,
C(5)HH ), 3.47 ( d 1H, J = 7.8 Hz, C(7)H), 3.31 ( s, 3H, OCH 3 ), 3.12 ( m, 1H ), 2.00
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( m, 1H ), 1.85 ( s, 3H ), 1.50 ( d, 3H, j = 1.14 Hz, C(8)CH 3 ), 1.14 ( s, 9H, O=COt-
Bu ), 1.11 (d, 3H, J = 6.6 Hz ), 1.08 (d, 3H, J = 6.6 Hz ).
13C NMR (CDC13): 8 207.24, 177.96, 160.12, 136.31, 131.36, 130.01, 129.65,
114.44, 85.49, 70.51, 66.72, 55.18, 47.12, 39.22, 36.42, 28.32, 27.70, 16.89, 13.98,
12.23.
IR: 3030 (w), 2968 (s), 2871 (s), 2837 (s), 2061 (w), 1881 (w), 1715 (s), 1662
(m), 1613 (s), 1463 (s), 1397 (s), 1355 (s), 1285 (s).
LDA, 
-78 oC, THF
+ 5-
then aldehyde 90
simplified A truncated BC
90 105
TBS H 0 MPMQ Piv
11 5 +
110 111
87:13
To the ketone st.m. (12.1 mg, 0.0592 mmole) in 2 ml of THF was added 1.0 M
THF solution of LDA (236.6 pl, 0.237 mmole) at -78 "C. After 20 min, the aldehyde (20.3
mg, 0.0829 mmole) in 2 ml of THF was added via cannulation. After 2 hrs, saturated
NaHCO3 solution was added and the mixture was extracted with CH 2C12 three times. The
combined organics were dried with MgSO 4 and concentrated. The concentrated oil was
purified by flash column (15% EtOAc in Hexane) to get rid of unreacted ketone st.m.
(**mg, **%). All the fractions which contained the two aldol isomers ( ** mg, **%) were
combined and the isomeric ratio was measured by proton NMR.
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Rf = 0.45 for major isomer; Rf = 0.41 (20% EtOAc : Hexane ) for minor isomer.
1H NMR (C6D 6) of the major isomer 110: 6 7.26 (d, 2H, J = 8.6 Hz, aromatic
protons of MPM), 6.81 (d, 2H, J = 8.6 Hz, aromatic protons of MPM), 5.30 (d, 1H, J =
9.8 Hz, C(9)H ), 4.78 (br d, 1H, J = 6.2 Hz), 4.45 (d, 1H, J = 11.4 Hz, ArCHHO of
MPM), 4.11 (d, 1H, J = 11.4 Hz, ArCHHO of MPM), 4.07 (dd, 1H, J = 4.6 and 10.9
Hz, C(5)HH), 3.76 (dd, 1H, J = 6.4 and 10.9 Hz, C(5)HH), 3.61 (dd, 1H, J = 4.2 and
6.1 Hz, C(15)H ), 3.49 (d, 1H, J = 7.7 Hz, C(7)H ), 3.31 (s, 3H, ArOCH 3 of MPM),
3.30 ( overlapped with the s, 1H), 2.80 (dd, 1H, J = 8.9 and 17.2 Hz, C(10)HH), 2.23
(dd, 1H, J = 3.0 and 17.2 Hz, C(10)HH), 2.01 (m, 1H), 1.91 (m, 1H), 1.69 (m, 1H),
1.57 (s, 3H, C(8)CH3), 1.17 (s, 9H, t-Bu of Piv), 1.14 (d, 3H, J = 6.8 Hz), 1.10 (d, 3H,
J = 6.8 Hz), 1.02 (s, 9H, t-Bu of TBS), 1.03-1.00 (overlapped signals, 6H), 0.97 (d,
3H, J = 6.8 Hz), 0.283 (s, 3H, OSi(CH3)2), 0.105 (s, 3H, OSi(CH 3)2 ).
TMS MPMQ Piv
+ BF 3 OEt 2 ,.
+~ s cH 2C12,-7812,
106
110
To the ethyl ketone (0.0812 mmole) in 3 ml of THF was added 1.0 M solution of
sodium bis(trimethylsilyl)amide (N-sodiohexamethyldisilazane, 130 gl, 0.13 mmole) at -78
'C and the mixture was stirred for 25 min. Then a clear solution of 4: l(v:v) / TMSCI: Et3N
(28.2 gl, 0.178 mmole) was added. The mixture was stirred at that temperature for 10
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min., then warmed to r.t. and stirred for 30 min. The mixture was then treated with sat.
NaHCO 3 solution (3 ml), extracted with ether three times. The organic extracts were dried
with NaSO 4 and concentrated.
The above concentrated oil (azotroped with toluene before use), aldehyde 90 (
17.6 mg, 0.072 mmole) and methylene chloride (3 ml) were mixed in a 10-ml reaction
flask and cooled to -78 'C. Then F3B*OEt2 ( 36.9 p1, 0.30 mmole) was added. After 2.5
hrs of reaction, sat. NaHCO 3 was added. The mixture was extracted with ether three times
and the combined extracts were dried with MgSO4 and concentrated. Examination of the
crude proton NMR could find only isomer and some unreacted ketone st.m. The crude oil
was columned (15% to 20% EtOAc / Hexane) to give the aldol product (11.1 mg, 50%
overall yield) along with recovered ketone (6.0 mg, 40%).
Rf = 0.43 (20% EtOAc : Hexane )
1H NMR (C6D6): 8 7.26 (d, 2H, J = 8.6 Hz, aromatic protons of MPM), 6.81 (d,
2H, J = 8.6 Hz, aromatic protons of MPM), 5.30 (d, 1H, J = 9.8 Hz, C(9)H ), 4.78 (br d,
1H, J = 6.2 Hz), 4.45 (d, 1H, J = 11.4 Hz, ArCHHO of MPM), 4.11 (d, 1H, J = 11.4
Hz, ArCHHO of MPM), 4.07 (dd, 1H, J = 4.6 and 10.9 Hz, C(5)HH), 3.76 (dd, 1H, J =
6.4 and 10.9 Hz, C(5)HH), 3.61 (dd, 1H, J = 4.2 and 6.1 Hz, C(15)H ), 3.49 (d, 1H, J
= 7.7 Hz, C(7)H ), 3.31 (s, 3H, ArOCH3 of MPM), 3.30 ( overlapped with the s, 1H),
2.80 (dd, 1H, J = 8.9 and 17.2 Hz, C(10)HH), 2.23 (dd, 1H, J = 3.0 and 17.2 Hz,
C(10)HH), 2.01 (m, 1H), 1.91 (m, 1H), 1.69 (m, 1H), 1.57 (s, 3H, C(8)CH3), 1.17 (s,
9H, t-Bu of Piv), 1.14 (d, 3H, J = 6.8 Hz), 1.10 (d, 3H, J = 6.8 Hz), 1.02 (s, 9H, t-Bu
of TBS), 1.03-1.00 (overlapped signals, 6H), 0.97 (d, 3H, J = 6.8 Hz), 0.283 (s, 3H,
OSi(CH3)2 ), 0.105 (s, 3H, OSi(CH3)2 ).
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TBS 0 TMS MPMQ Piv BF3*OEt2
+ 1 5 CH2 2,-78 oC
100
TBS HO MPMO Piv
112
Same procedure as the preparation of 110.
Rf = 0.38 (20% EtOAc : Hexane)
1H NMR (C6D 6): 5 7.25 (d, 2H, J = 8.4 Hz, aromatic protons of MPM), 6.82 (d,
2H, J = 8.4 Hz, aromatic protons of MPM), 5.25 (d, 1H, J = 9.8 Hz, C(9)H ), 4.45 (d,
1H, J = 11.4 Hz, ArCHHO of MPM), 4.35 (br dd, J = 3.4 and 8.7 Hz, 1H, C(13)H),
4.11 (d, 1H, J = 11.4 Hz, ArCHHO of MPM), 3.99 (dd, 1H, J = 4.2 and 10.9 Hz,
C(5)HH), 3.75 (m, 2H, C(5)HH and C(15)H ), 3.44 (d, 1H, J = 8.1 Hz, C(7)H ), 3.31
(s, 3H, ArOCH 3 of MPM), 3.08 ( d, 1H, J = 3.2 Hz), 2.70 (dd, 1H, J = 8.9 and 17.2
Hz, C(10O)HH), 2.39 (dd, 1H, J = 2.7 and 17.2 Hz, C(10)HH), 1.99 (m, 2H), 1.75 (m,
1H), 1.59 (s, 3H, C(8)CH 3), 1.18-1.12 (overlapped d, 9H), 1.15 (s, 9H, t-Bu of Piv),
1.04 (s, 9H, t-Bu of TBS), 1.02 (d, 3H, J = 7.0 Hz), , 1.00 (d, 3H, J = 7.0 Hz), 0.199
(s, 3H, OSi(CH3 )2), 0.121 (s, 3H, OSi(CH 3)2).
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Bn MPM O0
H +
\ CTRq
1;
(c-Hex) 2BOTf (2 equiv.),
Et 3N (2.4 equiv.),
then aldehyde 15a,
CHeCI ,.-78 oC
17-anti
To reagent 91 (100 mg, 0.210 mmole) in 2 ml of methylene chloride was added
triethylamine (70.2 gl, 0.504 mmole) at -78 'C. Then a pre-cooled (-78 °C) solution of
dicydlohexylboron triflate solution (0.94 M, 0.42 mmole) was added via cannula. The
mixture was stirred for two hrs, then the aldehyde (38 mg, 0.070 mmole) in 2 ml of
methylene chloride was added via cannula. The mixture was stirred for two hrs at that
temperature, then placed in a -20 'C freezer for overnight. Then 3 ml of MeOH, 3 ml of pH
7 buffer and 0.5 ml of 30% aq. H202 were added and stirred at 0 oC for 5 hrs. The mixrure
was extracted with CH 2Cl 2 three times. The combined organics were dried with MgSO4
and concentrated. The concentrated oil was purified by flash cloumn (2.5% EtOAc in
benzene) to give the aldol product ( 42.9 mg, 60%) along with 4-5 mg of unreacted
aldehyde.
Rf = 0.21 (15% EtOAc : Hexane )
1H NMR (C6D6): 8 7.25 (d, 2H,
13C NMR (C6 D 6): 8 -4.98, -4.92, 0.37, 14.25, 14,66, 15.04, 15,15, 15.86,
18.58, 20.96; 23.58, 26.42, 33.82, 44.44, 45.19, 49.19, 55,12, 57,99, 60.82, 63.50;
63.94, 63.98, 73.06, 73.54, 73,61, 73,71, 78.75, 82.90, 104.66, 114.62; 126.76,
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127.48, 127.70, 129.00, 130.44, 130.83, 132.66, 135.32, 139.02, 140.10; 140.70,
141.01, 142.43, 160.32, 174.91.
HRMS (FAB): m/e calculated for C59H80 NO10 SSi [M+H]+: 1022.52721; found:
1022.52677.
7.6 Synthesis of C3-Symmetric Ligand 150
compound 152 To the suspension of 2-bromo-4-methylphenol (48.38g, 0.258 mole) in
water/ acetonitrile (250 ml/ 50 ml) in a 500-mi flask was added sodium hydroxide (11.61g,
0.284 mole). The resulting clear solution was cooled to 0 oC before dimethyl sulfate ( 25.8
ml, 0.284 mole) was added dropwise via a dropping funnel. After all the dimethyl sulfate
was added (ca 30 min. ) the temperature was raised to 80 'C and kept at that temperature for
2 hours. The mixture was then cooled and extracted with methylene chloride. The
combined extract was washed with aq. sodium bicarbonate, brine and dried with
magnesium sulfate. Evaporation of volatiles gave the desired product (43.10 g, 83% yield).
About 16% starting material could be recovered from aq. layer.
1H-NMR: 7.34 (IH, d, J= 2.1 Hz), 7.04 (1H, dd, J=2.1, 8.2 Hz), 6.77 (IH, d,
J= 8.2 Hz), 3.04 (3H, s), 2.25 (3H, s). Or compound 152 could be prepared from p-
methylanisole by treating with bromine.
compound 153 A mixture of (R)-phenylglycinol (55.7 g, 0.41 mole), diethyl carbonate
(105.5 g, 0.89 mole) and K2CO 3 (8.5 g, 0.062 mole) was heated in a one-necked flask
with distillation head to 130-135 TC (oil temperature). The formed EtOH was collected.
After 5 h stirring at that temperature the reaction mixture was cooled. The crystalline crude
product was dissolved in EtOAc (-800 ml), washed with sat. NaHCO 3 (2x), brine (lx),
dried over MgSO 4 . Evaporated of solvent afforded crystalline the oxazolininone. The
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product was recrystallized from EtOAc/hexane to give the oxazolininone (2 crops) as
colorless needles (53 g, 80 %). m.p.. 129-130 oC. IH-NMR data agrees with that of the
literature .65
To a solution of the oxazolidinone (20.2 g, 0.123 mole) in 500 ml of THF were added
54.4 ml of a 2.5 M n-BuLi solution in hexane (0.136 mole) at -78 °C and the mixture
stirred at that temperature for 30 min. A white before crotonyl chloride (13 ml, 0.136 mole,
freshly distilled) was added within 15 min. After 30 min at -78 'C the reaction was stirred
at 0 'C for 1 h and at RT for I h. A saturated NH4CI-solution (100 ml) was added, the
phases separated and the aqueous phase extracted with EtOAc (3x). The combined org.
extracts were washed with NaHCO 3 (2x), brine, dried over MgSO 4 . Evaporation of
solvents afforded 153 as a yellow solid (25.7g, 90 %). It was used in the next step
without purification. A small sample was purified by column chromatography and the data
agreed with that in the literature.65
compound 154 To a suspension of Mg turnings (0.368 g, 15.1 mmol) in 6.5 ml of dry
THF was slowly added a little 2-bromo-4-methylanisole and the reaction was initiated by
heating with a heating gun. All the 2-bromo-4-methylanisole (a total of 2.93 g, 14.6 mmol)
was added within 30 min, and the mixture stirred under reflux for I h during which almost
all Mg disappeared. The yellow-greenish solution was cooled to 0 'C, diluted with THF
and transferred via cannula to a solution of CuBr-Me2S (1.5 g, 7.3 mmol) in 17 ml of THF
and 8.7 ml of Me 2 S at -40 TC (acetonitrile/dry ice). The resulting brown solution was
stirred at that temperature for 10-20 min. and the temperature bath was switched to a
ice/NaCl-bath (-12 "C ) before the solution of crotonyloxazolidinone 153 (1.13 g, 4.9
mmol) in 8.5 ml of THF was slowly added within 40 min. No more oxazolidinone was
detectable by TLC after 20 min (hexane/EtOAc 6:4). The reaction was quenched with aq.
NH 4CI and some water was added to achieve a homogenous solution. The solution was
extracted with EtOAc (3x), the combined org. extracts were washed with NH 4 0H (-10
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ml), brine and dried over MgSO 4 . After evaporation a greenish oil was obtained, which
was chromatographed on silica gel (hexane/EtOAc 4:1) to afford 1.4 g (81 %) of product
154 as a colorless oil. D.s. > 95% by IH-NMR with crude products.
1H NMR: 7.29-7.15 (5H, m), 6.96-6.93 (2H, m), 6.69 (1H, d, J=8.8 Hz), 5.38
(1H, dd, J= 8.8. 3.6 Hz), 4.63 (1H, dd, J=3.6 Hz), 4.21 (1H, dd, J=8.8 Hz, 3.5 Hz),
3.71 (3H, s), 3.65 (1H, m), 3.25-3.22 (2H, m ), 2.24 (3H, s), 1.22 (3H, d, 7.1 Hz).
HRMS (EI): m/e calculated for C20 H2 1N0 4 [M]+: 339.14706; found: 339.1468.
compound 155 The Michael adduct 154 (5.66 g, 16 mmol) was dissolved in a mixture
solvent of 80 ml THF and 15 ml of water and cooled to 0 'C. H2 0 2 (30 %, 14 ml, 128
mmol) was added within 10 min, followed by dropwise addition of 32 ml of a 0.8 M
LiOH-solution (51.3 mmol) within I h. The resulting solution was stirred at 0 'C for 3 h
and was then allowed to be stirred at r.t until no starting material left. To the cooled
solution was added 1.3 M Na2SO 3 solution (49 ml, 64 mmol). The org. solvent was
evaporated and the aqueous residue was extracted with CH 2CI 2 (4 x 100 ml). The
combined org. extracts were washed with water and brine, dried (MgSO4). Evaporated of
solvent gave 2.8 g of crude recovered auxiliary. The aqueous solution was acidified to pH
1-2 with 6 M HCI and extracted with CH 2Cl2 (5 x 80 ml). The combined org. layers were
washed with brine, dried over MgSO 4 and evaporated to afford the acid 155 as a colorless
oil (2.99 g, 90 %). TLC: Rf 0.30 (hexane/EtOAc 7:3).
IH-NMR: 6.99-6.95 (2H, m), 6.74 (1H, d, 8.1 Hz), 3.78 (3H, s), 3.58 (1H, m),
2.72 (1H, dd, J= 5.7 Hz, 15.9 Hz), 2.53 (1H, dd, 9.3, 15.6 Hz), 2.26 (3H, s), 1.28
(3H, d, 6.9 Hz).
HRMS (EI): m/e calculated for C1 H140 3 [M]+: 194.09429; found: 194.0944.
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compound 156 In a 250-mi flask 39.3 ml of H3PO4 (85 %) were added to 64 g of P20 5
(exothermic!). The resulting suspension was heated to -180 TC until all P20 5 was
dissolved. The resulting slightly yellow solution was cooled to -60 °C and the acid 155
(2.76 g, 13.3 mmol) was added. The reaction mixture was then heated to 100 'C and
stirred at that temperature for I h. and complete transformation was detected by TLC
(hexane/EtOAc 8:2). The mixture was cooled, ice was added to make the viscous oil mobile
and all was poured on -300 ml of ice water. The mixture was extracted with CHC13 (4x),
washed with brine, dried (MgSO4). Evaporation of solvents afforded 2.52 g (99 %) of
indanone 156 as a yellow crystalline solid.
1H-NMR: 7.03 (1H, d, J=8.3), 6.90 (1H, d, J=8.3 Hz), 3.45 (1H, m), 2.86(lH,
dd, J=8.0, 19.1 Hz), 2.52(3H, s), 2.23 (1H, dd, J=2.2, 19.1 Hz), 1.33 (3H, d, J=6.9
Hz).
compound 157 12.3 g (188 mmol) of Zn dust (-325 mesh) and 0.25 g (0.92 mmol) of
HgCI2 were mixed in 18 ml of water and 3.1 ml of 37 % HC1 were added. The resulting
suspension was stirred at r.t. for 30 min, and the bluish-gray beads washed with water.
The indanone 156 (2.39 g. 12.6 mmol), dissolved in 18 ml of EtOH and 12 ml of water
was added to the amalgam, followed by 12 ml of 37 % HCI and the mixture heated to
reflux for 1 1/4 h. After that time no more indanone was detectable by TLC (hexane/EtOAc
8:2). The reaction mixture was cooled, extracted with CH 2CI 2 and dried over MgSO 4.
After evaporation of the combined extracts brown crude product was obtained. After
chromatography (silica gel, hexane/EtOAc) the product 157 was isolated as a yellow oil,
which crystallized in the refrigerator or upon standing at r.t. after last trace of solvent was
removed (1.79 g, 81%).
1H-NMR: 6.92 (1H, d, J=8.0 Hz), 6.59 (1H, d, J=8.0 Hz), 3.37 (1H, m), 2.93-
2.82 (1H, m), 2.77-2.67 (1H, m), 2.22 (1H, m), 2.18 (3H, s), 1.74-1.65 (lH, m)., 1.22
(3H, d, 6.9 Hz).
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compound 158 To the indane 157 (1.39 g, 7.89 mmol) was added a solution of NBS
(2.36 g, 13.2 mmol) in 29 ml of dry DMF. The mixture was stirred at RT for 12 h, after
which complete conversion was detected by TLC (hexane/CH 2Cl2 9:1; product bluish with
anisaldehyde stain, starting material purple). 120 ml of water and Et20 were each added to
the reaction mixture, the aqueous phase was extracted with Et20 (3x), the combined
organics were washed with water (3x) to get rid of DMF, dried over MgSO 4 . The crude
product was flash-chromatographed (hexane/EtOAc 9:1, silica gel) to afford 1.97 g (98 %)
of bromoindane 158 as a yellowish oil.
1H-NMR: 7.14 (1H, s), 3.00 (3H, s), 3.42 (1H, m), 2.80 (1H, m), 2.66 (1H, m),
2.25 (lH, m), 2.16 (3H, s), 1.70 (1H, m), 1.26 (3H, d, J=6.9 Hz).
13 C-NMR: 151.55, 144.07, 141.74, 132.03, 130.99, 113.95, 60.52, 38.61,
33.60, 29.74. 20.04, 18.32.
HRMS (FAB): m/e calculated for C1 2HJ 6BrO [M+H]+: 255.038445; found:
255.03853.
[C]D = +25.4 (c = 2.68. CHCI3 )
The position of the bromine atom on the aromatic ring was confirmed by the NOE
difference measurement and the empirical calculation of the chemical shift of the aromatic
proton. Isomer 158' was not detected.
B H3 H3CO CH3H N
Br
CH3
NOE
158 158'
compound 159 To a solution of bromoindane 158 (50.2 mg, 0.20 mmol) in 1 ml of
THF were added 0.246 ml of 1.6 M tBuLi-solution in pentane (0.40 mmol) at -78 *C.
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Complete bromide-exchange could be confirmed by TLC after 20 min (CH 2Cl2/hexane
1:9). Dimethyl carbonate was added (0.049 ml, 0.049 mmol), followed by 0.05 ml of
HMPA and warming to 0 TC. The reaction was quenched after 2 h by addition of 0.5 ml of
half-saturated NaHCO 3 , and extracted with Et20. The combined org. layers were dried
over MgSO 4 , evaporated and the crude product flash-chromatographed (hexane/EtOAc
15:1) to give 23.1 mg (85 %) of tertiary alcohol 159.
IH-NMR : 6.90 (3H, s), 5.64 (1H, s), 3.42 (3H, m), 3.06 (9H, s), 2.80 (3H, m),
2.69 (3H, m), 2.12(9H, s), 1.70(3H, m), 1.22 (9H, d, J=7.1 Hz).
13 C-NMR: 153.36, 143.58, 139.12, 136.75, 129.35, 127.37, 80.58, 58.77,
38.49, 33.54. 29.50, 19.74, 18.78.
HRMS (EI): m/e calculated for C37H460 4 [M+H]+: 554.3396; found: 554.3392.
compound 160 A solution of alcohol 159 (337 mg, 0.608 mmol) in 8.5 ml of CH 2C12
was cooled to 0 'C. Then CF 3COOH was added (0.234 ml, 3.04 mmol), followed by
0.292 ml (1.83 mmol) of Et3 SiH. After 5 min temperature was raised to RT and the
reaction stirred for 30 min. Na 2CO 3 (s) was added, followed by sat. NaHCO3-solution to
quench excess of acid. The aqueous phase was extracted with CH 2C12 (2x), the combined
org. layers were dried (MgSO 4) and evaporated to give crude product which was flash-
chromatographed (hexane/EtOAc 15:1) to give 416 mg (89 %) of compound 160 as a
white solid.
1H-NMR: 6.60 (3H, s), 5.71(1H, s), 4.83 (3H, s), 3.32(3H, m), 2. 84 (3H, m),
2.70 (3H, m), 2.28 (3H, m), 2.08 (9H, s), 1.70 (3H, m), 1.21 (9H, d, J=7.0 Hz).
13C-NMR: 148.57, 143.55, 135.24, 128.45, 126.11, 124.77, 40.35, 37.41,
33.53, 29.89, 19.77, 18.54.
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compound 150--The Ligand To a solution of triindane 160 (69 mg, 0.128 mmol) 
in 3
ml of CH 2C12 at -78 'C were added 0.768 ml (0.768 mmol) of a 1 M solution of BBr3 in
CH 2Cl 2 . The mixture turned dark brown immediately. It was stirred 
at -78 'C for I h and
was then allowed to warm slowly to r.t. until no further conversion. The reaction was
quenched by addition of saturated NaHCO 3 solution. The aqueous phase was extracted
with CH2CI 2 (lx), saturated with NaCI and extracted again with CHC13 (2x). The
combined organics were washed with brine, dried over MgSO4 and. The crude material
was flash-chromatographed (silica gel, hexane/EtOAc 12:1) to give 55 mg (84 %) of ligand
150 as a yellow solid.
1H-NMR: 6.59 (3H, s), 6.52 (lH, s), 3.40 (9H, s), 2.82-2.61(6H, m), 2.25 (3H,
m), 2.09 (9H, s), 1.64 (3H, m), 1.21 (9H, d, J= 6.9 Hz).
13 C-NMR: 148.56, 143.58, 135.24, 128.46, 126.12, 124.76, 40.39, 37.38,
33.50, 29.89, 19.76, 18.53.
HRMS (FAB): m/e calculated for C35H430 3 [M+H]+: 511.3977; found: 511.322.
[o1]D = -24.20 ( c= 0.85, MeOH ).
Typical procedure of Diels-Alder reaction: To Ligand 150 (39.4 mg,
0.0771 mmole dried by azotrope with toluene before use) in toluene (1.5 ml) was added the
solution of Ti(Oipr) 3CI in dichloromethane (64.3 ml of 1.OM solution, 0.0643 mmole) at
room temperature. The resulting brown mixture was stirred at r.t. for one hour before the
solvent was pumped out. 4A Molecular sieve was then added to the flask in glove box.
Crotonyloxazolidinone (99.7 mg, 0.643 mmole) in toluene (2 ml) was introduced into the
flask and the mixture was cooled to 0 'C. Hexane (2 ml) was added followed by
cyclopentadiene (127 ml). The reaction was quenched with IN HCI after the reaction w
complete by TLC, extracted with dichloromethane and the combined organics was '
with magnesium sulfate. Evaporation of solvents gave the crude product whi
purified by column chromatography (1:2/ EtOAc: Hexane).
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Appendix A Coordinates of X-ray crystal structure of compound 75.
Crystals of 75 was obtained by solvent diffusion method as the following.
Compound 75 (ca. 80 mg) was dissolved in a minimum amount of dichloroethane in a
small vial. This vial was then placed in a lager vial containing hexane and left at rt for 2-3
days without any disturbance.
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Appendix B Photoreductions of 1H and 13C NMR spectra of important intermediates
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Table 1. Crystal data and structure refinement for 1.
A. Crystal Data
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal morphology
Crystal size
Crystal system
Space group
Unit cell dimensions
Volume, Z
Density (calculated)
Absorption coefficient
F(000)
B. Data Collection and Reduction
Diffractometer
Scan Type
Scan angle
0 range for data collection
Limiting indices
Reflections collected
Independent reflections
Absorption correction
C. Solution and Refinement
Refinement method
97029
C28 H360 7
484.57
183(2) K
0.71073 A
0.48 x 0.44 x 0.32 mm
Tetragonal
P42
a = 22.148(3) A
b = 22.148(3) A
c = 5.6935(9) A
32792.9(6) A , 4
1.152 Mg/m3
-i
0.082 mm
1040
alpha = 900
beta = 900
gamma = 900
Siemens SMART/CCD
w Scans
0.300
1.30 to 22.460
-24 s h s 23, -24 s k s 20, -5 s 1 s 6
10686
3450 (R. = 0.0455)int
None
Full-matrix least-squares on F2
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Data / restraints / parameters 3391 / 1 / 317
Goodness-of-fit on F2 1.195
Final R indices [I>2a(I)] R1 = 0.0642, wR2 = 0.1629
R indices (all data) RI = 0.0780, wR2 = 0.1989
Absolute structure parameter -1(2)
Extinction coefficient 0.0043(14)
.-3
Largest diff. peak and hole 0.441 and -0.247 eA
Weighting Scheme calc w=l/[\s^2 ^ (F o ^ 2 ^ )+(0.0766P) ^ 2 ^ +2. 5 1 0 4 P]
where P=(Fo
Notes Cell constants based upon three sets of fifteen (15) 0.300 w scans. Refle
were harvested using the Siemens XSCANS algorithm.
158
4
Table 2. Atomic coordinates [ x 104 ] and equivalent isotropic
displacement parameters [(A2 x 103] for 1. U(eq) is defined as
one third of the trace of the orthogonalized U.. tensor.
.3
x y z U(eq)
0(1) -4995(1) -1828(1) -4544(6) 33(1)
0(2) -3950(1) -1948(1) -4591(6) 34(1)
0(3) -6437(2) -2622(2) -6039(8) 64(1)
0(4) -6237(1) -1829(1) -8321(6) 38(1)
0(5) -2823(2) -1792(2) -7059(7) 50(1)
0(6) -2512(2) -974(2) -9158(8) 57(1)
0(7) -4626(2) -3886(2) 3008(7) 56(1)
C(1) -4512(2) -2247(2) -4594(10) 33(1)
C(2) -6444(2) -2394(2) -7938(10) 38(1)
C(3) -6138(2) -1448(2) -6283(9) 34(1)
C(4) -5562(2) -1076(2) -6679(9) 33(1)
C(5) -4994(2) -1471(2) -6653(9) 34(1)
C(6) -4396(2) -1120(2) -6749(9) 35(1)
C(7) -3887(2) -1591(2) -6674(9) 35(1)
C(8) -3138(2) -902(2) -8764(11) 51(2)
C(9) -3257(2) -1324(2) -6715(10) 39(1)
C(10) -2370(2) -1586(2) -8642(10) 47(1)
C(11) -4547(2) -2655(2) -2479(9) 32(1)
C(12) -5099(2) -2861(2) -1673(11) 46(1)
C(13) -5145(2) -3268(2) 99(10) 46(1)
C(14) -4631(2) -3479(2) 1211(10) 40(1)
C(15) -4073(2) -3282(2) 432(10) 42(1)
C(16) -4036(2) -2876(2) -1398(9) 38(1)
C(21) -6691(2) -1047(2) -5961(9) 35(1)
C(22) -7134(2) -995(2) -7684(11) 51(2)
C(23) -7621(3) -609(3) -7337(12) 60(2)
C(24) -7678(3) -277(3) -5356(12) 58(2)
C(25) -7244(3) -323(3) -3629(13) 65(2)
C(26) -6750(2) -717(3) -3951(11) 52(1)
C(41) -5591(2) -713(2) -8953(10) 44(1)
C(61) -4339(2) -657(2) -4768(11) 46(1)
C(101) -2396(4) -1969(3) -10810(14) 92(2)
C(102) -1771(3) -1594(3) -7432(16) 91(3)
C(142) -5197(3) -4076(3) 3928(13) 72(2)
C(202) -6679(2) -2675(2) -10126(10) 48(1)
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Table 3. Bond lengths [A] and angles
0(1) -C(1)
0(2) -C(1)
0(3) -C(2)
0(4) -C(3)
0(5) -C(9)
0(6) -C(10)
0(7)-C(142)
C(2)-C(202)
C(3) -C(4)
C(4) -C(5)
C(6)-C(61)
C(7) -C(9)
C(10)-C(102)
C(11)-C(16)
C(12)-C(13)
C(14)-C(15)
C(21)-C(26)
C(22)-C(23)
C(24)-C(25)
C(1) -0(1)-C(5)
C(2)-0(4)-C(3)
C(8)-0(6)-C(10)
0(2)-C(1) -0(1)
O(1) -C(1) -C (11)
0(3)-C(2)-C(202)
0(4) -C(3) -C(21)
C(21)-C(3)-C(4)
C(41)-C(4)-C(5)
0(1)-C(5)-C(4)
C(4)-C(5)-C(6)
C(61)-C(6)-C(5)
0(2)-C(7)-C(9)
C(9)-C(7)-C(6)
0(5)-C(9)-C(7)
C(7)-C(9)-C(8)
0(6)-C(10)-C(102)
0(6)-C(10)-C(101)
C(102)-C(10)-C(101)
C(16)-C(11)-C(1)
C(13)-C(12)-C(11)
0(7)-C(14)-C(15)
C(15)-C(14)-C(13)
C(11) -C(16)-C(15)
C(26) -C(21) -C(3)
C(23) -C(22) -C(21)
C(23) -C(24) -C(25)
C(21) -C(26) -C(25)
1.417(5)
1.411(5)
1.193 (6)
1.451(6)
1.427(6)
1.423(6)
1.431(7)
1.486(7)
1.534(6)
1.533(6)
1.530(7)
1.515(6)
1.494(8)
1.378(7)
1.358(7)
1.384(7)
1.365(7)
1.389(8)
1.378(9)
110.0(3)
117.5(4)
106.9(4)
111.1(3)
109.8(4)
125.9(5)
108.2(4)
111.9(4)
110.1(4)
108.7(4)
114.7(4)
112.6(4)
108.5(4)
114.2(4)
109.9(4)
114.4(4)
107.6(5)
111.2(5)
114.0(6)
121.8(4)
122.2(5)
116.2(4)
118.8(5)
121.4(4)
119.4(5)
119.8(6)
119.3(5)
121.0(6)
0(1) -C(5)
0(2) -C(7)
0(4) -C(2)
0(5) -C(10)
0(6) -C(8)
0(7) -C(14)
C(1) -C(11)
C(3) -C(21)
C(4) -C(41)
C(5) -C(6)
C(6) -C(7)
C(8)-C(9)
C(10)-C(101)
C(11)-C(12)
C(13)-C(14)
C(15)-C(16)
C(21)-C(22)
C(23)-C(24)
C(25)-C(26)
C(1)-0(2)-C(7)
C(10)-0(5)-C(9)
C(14)-0(7)-C(142)
0(2)-C(1)-C(11)
0(3)-C(2)-0(4)
0(4) -C(2) -C(202)
0(4)-C(3)-C(4)
C(41)-C(4)-C(3)
C(3)-C(4)-C(5)
0(1)-C(5)-C(6)
C(61)-C(6)-C(7)
C(7)-C(6)-C(5)
0(2)-C(7)-C(6)
0(6)-C(8)-C(9)
0(5)-C(9)-C(8)
0(6)-C(10)-0(5)
0(5)-C(10)-C(102)
0(5) -C(10) -C(101)
C(16)-C(11)-C(12)
C(12)-C(11)-C(1)
C(12)-C(13)-C(14)
0(7)-C(14)-C(13)
C(16)-C(15)-C(14)
C(26)-C(21) -C(22)
C(22) -C(21) -C(3)
C(24)-C(23) -C(22)
C(24)-C(25)-C(26)
1.437(6)
1.433(6)
1.352(6)
1.424(6)
1.413(6)
1.364(6)
1.507(7)
1.524(7)
1.525(7)
1.538(6)
1.536(6)
1.518(7)
1.499(9)
1.382(7)
1.383(7)
1.379(7)
1.393(7)
1.352(9)
1.410(8)
110.1(3)
109.3(4)
117.5(4)
109.0(4)
122.2(5)
111.8(5)
108.7(4)
111.9(4)
111.9(3)
108.0(4)
111.9(4)
106.7(3)
109.1(4)
103.0(4)
102.9(4)
106.2(4)
109.3 (5)
108.2(5)
117.4(5)
120.6(4)
120.1(5)
124.9(4)
120.0(5)
118.6(5)
122.1(5)
121.7(6)
119.6(6)
Symmetry transformations used to generate equivalent atoms:
IO] for 1.
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Table 4. Anisotropic displacement parameters [A2 x 103] for 1.
The anisotropic displacement factor exponent takes the form:
2 * 2
-2r [ (ha) U +ii + 2hkab U
U11 U22 U33 U23 U13 U12
0(1)
0(2)
0(3)
0(4)
0(5)
0(6)
0(7)
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(41)
C(61)
C(101)
C(102)
C(142)
C(202)
30(2)
29(2)
105(3)
46(2)
37(2)
39(2)
60(2)
27(2)
30(3)
35(3)
34(2)
37(3)
31(2)
31(3)
46(3)
35(3)
39(3)
25(3)
31(3)
37(3)
39(3)
37(3)
29(3)
33(3)
49(3)
45(3)
42(3)
56(4)
44(3)
30(3)
33(3)
127(7)
51(4)
74(4)
44(3)
28(2)
32(2)
45(2)
34(2)
42(2)
52(2)
59(2)
30(2)
36(3)
33(3)
27(2)
28(2)
37(3)
32(3)
43(3)
38(3)
47(3)
30(2)
43(3)
43(3)
36(3)
48(3)
36(3)
37(3)
55(3)
71(4)
48(3)
61(4)
64(4)
43(3)
35(3)
77(5)
105(6)
73(4)
46(3)
40(2)
42(2)
42(3)
32(2)
69(3)
81(3)
50(3)
42(3)
47(4)
33(3)
38(3)
37(3)
38(3)
41(3)
64(4)
44(3)
55(4)
42(3)
64(4)
58(4)
46(3)
42(3)
48(4)
37(3)
50(4)
63(5)
85(5)
77(5)
48(4)
58(4)
69(4)
71(5)
117(7)
70(5)
54(4)
4(2)
8(2)
9(2)
-1(2)
17(2)
16(2)
20(2)
-3(2)
-8(3)
4(2)
0(2)
-3(2)
6(2)
-5(2)
16(3)
0(2)
14(3)
-5(2)
11(3)
18(3)
2(2)
3(3)
0(3)
2(2)
6(3)
8(4)
6(3)
-18(3)
-5(3)
11(3)
-11(3)
-12(4)
45(5)
28(4)
-12(3)
-3(2)
0(2)
-9(2)
-2(2)
18(2)
20(2)
4(2)
3(2)
1(2)
-5(2)
-6(2)
-1(2)
-4(2)
3(2)
15(3)
2(2)
6(3)
5(2)
-6(3)
3(3)
5(2)
-2(3)
9(2)
4(2)
-10(3)
-11(3)
7(3)
18(4)
0(3)
-6(3)
0(3)
29(5)
0(4)
14(4)
0(3)
1(1)
1(1)
21(2)
-8(2)
10(2)
1(2)
9(2)
5(2)
-6(2)
-3(2)
1(2)
-1(2)
-3(2)
-1(2)
0(3)
6(2)
9(2)
4(2)
2(2)
-6(2)
7(2)
10(2)
6(2)
-8(2)
2(3)
19(3)
7(3)
-6(3)
1(3)
-3(2)
4(2)
6(5)
-7(4)
-9(3)
-6(2)
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+ 2hka -~
Table 5. Hydrogen coordinates ( x 104 )
displacement parameters (A2 x 10 3) for 1.
and isotropic
x y z U (eq)
-6049
-4860
-5352
-8031
-8285
-8066
-10164
-8352
-5201
-2383
577
1158
-1925
-9094
(10)
(9)
(9)
(9)
(9)
(9)
(11)
(11)
(10)
(11)
(10)
(10)
(9)
(11)
H(1A)
H(3A)
H(4A)
H(5A)
H(6A)
H(7A)
H(8A)
H(8B)
H(9A)
H(12A)
H (13A)
H(15A)
H(16A)
H (22A)
H (23A)
H (24A)
H (25A)
H (26A)
H (41A)
H (41B)
H(41C)
H(61A)
H(61B)
H (61C)
H(10A)
H(10B)
H(10C)
H(10D)
H (10E)
H(10F)
H(14D)
H (14E)
H(14B)
H(20C)
H(20D)
H (20A)
-4545(2)
-6085(2)
-5528(2)
-5011(2)
-4374(2)
-3932(2)
-3374(2)
-3237(2)
-3175(2)
-5457(2)
-5531(2)
-3715(2)
-3651(2)
-7104(2)
-7921(3)
-8013(3)
-7278(3)
-6454(2)
-5217(2)
-5935(2)
-5640(2)
-4670(2)
-3952(2)
-4357(2)
-2296(4)
-2105(4)
-2804(4)
-1661(3)
-1795(3)
-1464(3)
-5131(3)
-5433(3)
-5416(3)
-6631(2)
-7108(2)
-6453(2)
-2498(2)
-1708(2)
-782(2)
-1751(2)
-902(2)
-1862(2)
-1022(2)
-480(2)
-1110(2)
-2712(2)
-3409(2)
-3427(2)
-2746(2)
-1222(2)
-578(3)
-14(3)
-92(3)
-752(3)
-482 (2)
-435(2)
-989(2)
-365(2)
-444(2)
-864(2)
-2388(3)
-1818(3)
-1953 (3)
-2011(3)
-1357(3)
-1419(3)
-4367(3)
-4267(3)
-3725(3)
-2392(2)
-2772(2)
-3046(2)
-8521(12)
-5157(12)
-2230(13)
-2750(11)
-9142(10)
-8892(10)
-10286(10)
-4875(11)
-4910(11)
-3248(11)
-10407(14)
-11966(14)
-11476(14)
-7054(16)
-5981(16)
-8468(16)
5201(13)
2677(13)
4536(13)
-11437(10)
-9925(10)
-10458(10)
39
41
40
41
42
41
61
61
47
55
55
51
46
61
72
70
78
62
65
65
65
68
68
68
137
137
137
137
137
137
108
108
108
72
72
72
162
Table 6. Observed and calculated structure factors for 1
h k I 10Fo 1OFc 10s
7 7 -5 132 150 4
-7 8 -5 7 51 7
3 8 -5 139 138 3
4 8 -5 86 108 3
5 8 -5 146 164 11
6 8 -5 166 177 12
7 8 -5 50 65 9
8 8 -5 0 37 -1
-8 9 -5 143 147 5
-7 9 -5 48 88 8
3 9 -5 93 83 14
4 9 -5 60 65 5
5 9 -5 86 96 15
6 9 -5 108 121 10
7 9 -5 45 4 6
8 9 -5 118 124 5
9 9 -5 72 71 7
-9 10 -5 77 59 7
-8 10 -5 36 68 17
-7 10 -5 53 71 9
3 10 -5 59 65 4
4 10 -5 116 108 8
5 10 -5 54 42 6
6 10 -5 72 94 9
7 10 -5 0 7 -1
8 10 -5 27 33 26
9 10 -5 50 81 10
-8 11 -5 66 84 8
-7 11 -5 86 108 6
-6 11 -5 0 51 -1
4 11 -5 165 163 18
5 11 -5 100 97 4
6 11 -5 34 33 12
7 11 -5 0 3 -1
8 11 -5 17 17 16
-6 12 -5 60 55 9
4 12 -5 42 39 8
5 12 -5 88 80 10
6 12 -5 79 71 16
4 13 -5 119 114 4
1 2 -4 229 252 2
2 2 -4 159 168 6
-2 3 -4 225 232 2
2 3 -4 148 152 2
3 3 -4 45 55 4
-3 4 -4 136 143 5
-2 4 -4 91 90 3
-1 4 -4 112 117 3
2 4 -4 124 119 4
3 4 -4 0 19 -1
4 4 -4 43 36 8
-4 5 -4 101 94 7
-3 5 -4 168 156 3
-2 5 -4 212 216 3
3 5 -4 186 186 9
4 5 -4 25 28 25
5 5 -4 137 138 10
-5 6 -4 98 106 3
-4 6 -4 114 119 4
-3 6 -4 182 178 3
-2 6 -4 116 127 3
-1 6 -4 89 123 3
3 6 -4 109 135 2
4 6 -4 53 53 7
5 6 -4 153 155 7
6 6 -4 245 243 3
-6 7 -4 97 94 4
-5 7 -4 199 202 4
-4 7 -4 0 48 -1
-3 7 -4 147 140 3
-2 7 -4 145 156 3
-1 7 -4 56 80 5
0 7 -4 122 135 3
4 7 -4 28 49 10
5 7 -4 79 74 11
6 7 -4 70 70 6
7 7 -4 127 125 6
-7 8 -4 174 186 3
-6 8 -4 207 196 4
-5 8 -4 98 88 4
-4 8 -4 57 35 7
-3 8 -4 68 82 4
-2 8 -4 73 86 5
-1 8 -4 85 72 4
0 8 -4 121 132 3
4 8 -4 41 48 8
5 8 -4 169 173 2
6 8 -4 97 99 3
h k I 10Fo 10Fc 10s
7 8 -4 202 208 3
8 8 -4 133 129 4
-8 9 -4 132 147 4
-7 9 -4 186 183 4
-6 9 -4 256 267 4
-4 9 -4 102 123 4
-3 9 -4 77 81 4
-2 9 -4 110 123 4
-1 9 -4 31 59 9
0 9 -4 88 82 4
5 9 -4 134 144 8
6 9 -4 145 162 4
7 9 -4 164 168 2
8 9 -4 189 210 2
9 9 -4 240 238 4
-9 10 -4 115 120 4
-8 10 -4 225 219 4
-7 10 -4 227 226 4
-6 10 -4 182 186 4
-5 10 -4 67 54 6
-4 10 -4 127 130 4
-3 10 -4 148 143 4
-2 10 -4 68 74 6
-1 10 -4 85 55 4
0 10 -4 117 124 3
1 10 -4 113 137 3
5 10 -4 38 80 23
6 10 -4 57 45 14
7 10 -4 46 50 11
8 10 -4 183 177 3
9 10 -4 71 36 6
10 10 -4 137 136 4
-10 11 -4 141 146 4
-9 11 -4 0 40 -1
-8 11 -4 88 105 5
-7 11 -4 83 91 5
-6 11 -4 232 234 4
-5 11 -4 78 99 5
-4 11 -4 143 164 4
-3 11 -4 47 72 9
-2 11 -4 35 65 11
-1 11 -4 21 17 21
0 11 -4 47 56 8
1 11 -4 28 73 14
5 11 -4 168 172 5
6 11 -4 34 36 11
7 11 -4 100 109 4
8 11 -4 211 217 8
9 11 -4 129 142 6
10 11 -4 94 105 5
11 11 -4 17 8 17
-11 12 -4 67 52 7
-10 12 -4 42 36 11
-9 12 -4 45 91 10
-8 12 -4 47 65 10
-7 12 -4 65 54 7
-6 12 -4 161 157 4
-5 12 -4 133 131 4
-4 12 -4 20 73 20
-2 12 -4 111 110 4
-1 12 -4 159 164 4
0 12 -4 0 34 -1
1 12 -4 57 45 6
5 12 -4 112 115 15
6 12 -4 24 62 23
7 12 -4 109 118 11
8 12 -4 67 84 11
9 12 -4 67 72 4
10 12 -4 38 43 14
11 12 -4 62 71 7
12 12 -4 55 28 8
-12 13 -4 72 83 8
-11 13 -4 68 36 7
-10 13 -4 127 120 5
-9 13 -4 88 85 5
-8 13 -4 89 103 6
-7 13 -4 54 85 9
-6 13 -4 50 53 8
-5 13 -4 48 59 10
-4 13 -4 118 118 4
-3 13 -4 51 45 8
-2 13 -4 63 65 5
-1 13 -4 59 61 5
0 13 -4 70 66 5
1 13 -4 146 149 4
6 13 -4 118 140 5
7 13 -4 51 52 11
8 13 -4 26 57 14
h k L 1OFo 1OFc 10s
9 13 -4
10 13 -4
11 13 -4
12 13 -4
-11 14 -4
-10 14 -4
-9 14 -4
-8 14 -4
-7 14 -4
-6 14 -4
-5 14 -4
-4 14 -4
-3 14 -4
-2 14 -4
0 14 -4
1 14 -4
2 14 -4
6 14 -4
7 14 -4
8 14 -4
9 14 -4
10 14 -4
11 14 -4
-10 15 -4
-9 15 -4
-8 15 -4
-7 15 -4
-6 15 -4
-5 15 -4
-4 15 -4
-3 15 -4
-2 15 -4
-1 15 -4
0 15 -4
1 15 -4
2 15 -4
6 15 -4
7 15 -4
8 15 -4
9 15 -4
10 15 -4
-8 16 -4
-7 16 -4
-6 16 -4
-5 16 -4
-4 16 -4
-3 16 -4
-2 16 -4
-1 16 -4
0 16 -4
1 16 -4
2 16 -4
6 16 -4
7 16 -4
8 16 -4
-6 17 -4
-5 17 -4
-4 17 -4
-3 17 -4
-2 17 -4
-1 17 -4
0 17 -4
1 17 -4
2 17 -4
6 17 -4
-1 18 -4
0 18 -4
1 18 -4
0 1 -3
1 1 -3
-1 2 -3
0 2 -3
1 2 -3
2 2 -3
-2 3 -3
-1 3 -3
0 3 -3
1 3 -3
2 3 -3
3 3 -3
-3 4 -3
-2 4 -3
-1 4 -3
0 4 -3
1 4 -3
2 4 -3
3 4 -3
4 4 -3
0 22 -1
0 32 -1
102 84 5
97 88 6
55 55 9
0 20 -1
80 79 6
117 117 6
56 67 9
0 69 -1
50 34 8
75 93 5
57 53 7
0 45 -1
49 14 7
200 193 4
122 128 4
137 144 6
75 72 12
52 43 14
111 111 3
115 91 21
101 96 5
34 53 20
30 37 23
33 33 33
69 53 7
95 76 6
0 52 -1
98 91 5
0 77 -1
26 60 25
91 104 5
70 69 5
50 43 8
142 147 4
89 81 4
91 57 15
79 58 4
47 27 7
0 21 -1
102 107 6
0 63 -1
37 38 14
71 79 7
30 28 20
49 71 9
109 93 5
132 121 4
92 58 6
187 183 4
140 139 5
80 58 8
16 47 16
33 34 17
79 64 7
87 68 6
86 98 5
71 43 6
49 20 9
173 174 4
116 112 5
141 134 4
51 16 12
74 75 6
0 34 -1
142 161 5
125 88 6
37 25 8
151 152 1
113 105 1
99 104 1
144 157 2
193 187 1
36 49 21
171 176 2
209 215 4
246 251 8
318 342 4
420 431 3
78 76 4
78 75 6
412 399 5
345 340 4
438 451 5
426 441 5
267 268 4
195 194 3
h k L 1OFo 1OFc 10s
-4 5 -3 221 215 2
-3 5 -3 141 137 3
-2 5 -3 58 48 4
-1 5 -3 263 246 3
0 5 -3 356 356 4
1 5 -3 369 380 4
2 5 -3 185 188 3
3 5 -3 93 101 2
4 5 -3 263 253 4
5 5 -3 133 134 1
-5 6 -3 123 127 5
-4 6 -3 44 44 5
-3 6 -3 61 53 5
-2 6 -3 39 45 6
-1 6 -3 46 33 5
0 6 -3 128 139 3
1 6 -3 193 199 3
2 6 -3 58 63 4
3 6 -3 63 70 3
4 6 -3 127 133 1
5 6 -3 242 254 2
6 6 -3 237 249 2
-6 7 -3 38 19 5
-5 7 -3 213 222 3
-4 7 -3 113 116 3
-3 7 -3 183 192 3
-2 7 -3 86 86 3
-1 7 -3 248 244 3
0 7 -3 229 231 3
1 7 -3 246 260 3
2 7 -3 161 161 3
3 7 -3 160 164 3
4 7 -3 117 116 3
5 7 -3 37 28 6
6 7 -3 106 112 2
7 7 -3 188 190 2
-7 8 -3 263 263 4
-6 8 -3 98 97 4
-5 8 -3 104 109 3
-4 8 -3 185 190 3
-3 8 -3 150 167 3
-2 8 -3 108 119 3
-1 8 -3 289 283 4
0 8 -3 439 435 5
1 8 -3 253 249 3
2 8 -3 111 120 3
3 8 -3 168 184 3
4 8 -3 45 56 5
5 8 -3 130 127 3
6 8 -3 166 179 2
7 8 -3 128 135 2
8 8 -3 131 143 3
-8 9 -3 44 31 7
-7 9 -3 69 60 5
-6 9 -3 128 152 3
-5 9 -3 183 184 3
-4 9 -3 59 56 5
-3 9 -3 151 173 3
-2 9 -3 220 216 3
-1 9 -3 101 105 3
0 9 -3 56 59 4
1 9 -3 160 155 3
2 9 -3 184 195 3
3 9 -3 70 55 4
4 9 -3 135 126 3
5 9 -3 109 128 3
6 9 -3 59 58 2
7 9 -3 55 79 5
8 9 -3 71 83 3
9 9 -3 101 111 4
-9 10 -3 204 207 4
-8 10 -3 241 238 4
-7 10 -3 79 101 4
-6 10 -3 146 137 4
-5 10 -3 197 213 3
-4 10 -3 214 224 3
-3 10 -3 127 127 3
-2 10 -3 240 238 4
-1 10 -3 248 259 4
0 10 -3 61 68 4
1 10 -3 151 159 3
2 10 -3 152 163 3
3 10 -3 101 117 4
4 10 -3 120 125 3
5 10 -3 23 56 22
6 10 -3 211 228 3
7 10 -3 95 89 3
8 10 -3 251 250 3
h k L 1OFo 10Fc 10s
9 10 -3 195 204
10 10 -3 396 406
-10 11 -3 420 422
-9 11 -3 377 394
-8 11 -3 181 187
-7 11 -3 156 154
-6 11 -3 112 97
-5 11 -3 56 79
-4 11 -3 45 64
-3 11 -3 0 12
-2 11 -3 93 94
-1 11 -3 184 182
0 11 -3 215 216
1 11 -3 135 142
2 11 -3 194 203
3 11 -3 124 132
4 11 -3 168 181
5 11 -3 113 110
6 11 -3 0 63
7 11 -3 79 88
8 11 -3 59 45
9 11 -3 367 358
10 11 -3 226 215
11 11 -3 51 58
-11 12 -3 168 162
-10 12 -3 204 214
-9 12 -3 228 248
-7 12 -3 152 145
-6 12 -3 155 174
-5 12 -3 206 217
-4 12 -3 124 128
-3 12 -3 84 73
-2 12 -3 187 189
-1 12 -3 121 125
0 12 -3 94 104
1 12 -3 116 119
2 12 -3 23 14
3 12 -3 28 37
4 12 -3 266 276
5 12 -3 87 78
6 12 -3 93 105
7 12 -3 104 111
8 12 -3 97 87
9 12 -3 207 215
10 12 -3 244 246
11 12 -3 123 128
12 12 -3 42 67
-12 13 -3 50 50
-11 13 -3 185 191
-10 13 -3 221 210
-9 13 -3 135 148
-8 13 -3 215 235
-7 13 -3 266 291
-6 13 -3 153 163
-5 13 -3 107 105
-4 13 -3 102 97
-3 13 -3 113 101
-2 13 -3 54 48
-1 13 -3 27 41
0 13 -3 114 114
1 13 -3 69 65
2 13 -3 173 184
3 13 -3 155 162
4 13 -3 54 36
5 13 -3 91 75
6 13 -3 164 161
7 13 -3 71 64
8 13 -3 72 37
9 13 -3 182 185
10 13 -3 232 227
11 13 -3 46 67
12 13 -3 41 35
13 13 -3 104 104
-13 14 -3 105 124
-12 14 -3 72 86
-11 14 -3 166 151
-10 14 -3 26 37
-9 14 -3 101 107
-8 14 -3 212 217
-7 14 -3 127 132
-6 14 -3 94 112
-5 14 -3 135 136
-4 14 -3 128 131
-3 14 -3 159 172
-2 14 -3 139 144
-1 14 -3 138 141
0 14 -3 76 86
1 14 -3 57 66
163
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Table 6. Observed and calculated structure factors for 1
h k I 10Fo O1Fc 10s
2 14 -3 112 110 4
3 14 -3 81 61 5
4 14 -3 106 120 4
5 14 -3 65 62 5
6 14 -3 28 26 14
7 14 -3 199 209 4
8 14 -3 123 128 3
9 14 -3 156 166 3
10 14 -3 133 154 9
11 14 -3 184 209 4
12 14 -3 41 48 11
13 14 -3 77 81 6
14 14 -3 71 72 7
-14 15 -3 85 104 6
-13 15 -3 36 30 15
-12 15 -3 165 185 4
-11 15 -3 169 168 4
-10 15 -3 34 70 14
-9 15 -3 82 101 6
-8 15 -3 61 72 7
-7 15 -3 188 198 4
-6 15 -3 121 130 4
-5 15 -3 51 70 8
-4 15 -3 17 43 17
-3 15 -3 63 74 6
-2 15 -3 125 142 4
-1 15 -3 111 111 4
0 15 -3 68 56 5
1 15 -3 80 89 6
2 15 -3 178 204 3
3 15 -3 118 122 4
4 15 -3 60 12 7
5 15 -3 105 115 4
6 15 -3 77 87 4
7 15 -3 84 85 3
8 15 -3 114 121 3
9 15 -3 178 193 8
10 15 -3 23 49 23
11 15 -3 93 96 6
12 15 -3 49 55 9
13 15 -3 48 62 11
14 15 -3 114 96 6
-13 16 -3 94 83 6
-12 16 -3 41 22 13
-11 16 -3 26 47 26
-10 16 -3 60 44 8
-9 16 -3 7 53 6
-8 16 -3 178 167 4
-7 16 -3 120 122 4
-6 16 -3 18 59 17
-5 16 -3 99 82 5
-4 16 -3 51 44 8
-3 16 -3 64 53 6
-2 16 -3 0 18 -1
-1 16 -3 74 43 6
0 16 -3 146 148 4
1 16 -3 124 137 4
2 16 -3 119 123 4
3 16 -3 96 77 6
4 16 -3 211 203 4
5 16 -3 86 57 5
6 16 -3 124 134 4
7 16 -3 94 104 8
8 16 -3 233 231 5
9 16 -3 66 50 15
10 16 -3 78 93 16
11 16 -3 132 134 4
12 16 -3 138 143 4
13 16 -3 106 109 5
-11 17 -3 51 54 10
-10 17 -3 74 64 7
-9 17 -3 152 160 4
-8 17 -3 99 90 5
-7 17 -3 218 229 4
-6 17 -3 110 104 5
-5 17 -3 124 135 5
-4 17 -3 0 60 -1
-3 17 -3 113 111 4
-2 17 -3 146 152 4
-1 17 -3 258 280 4
0 17 -3 92 113 5
1 17 -3 175 169 4
2 17 -3 103 111 5
3 17 -3 82 100 6
4 17 -3 70 42 6
5 17 -3 143 135 4
6 17 -3 75 83 5
7 17 -3 151 160 7
h k L 1OFo 1OFc 10s
8 17 -3 110 114 5
9 17 -3 81 91 16
10 17 -3 131 118 3
11 17 -3 42 50 18
-10 18 -3 82 95 6
-9 18 -3 38 60 13
-8 18 -3 152 164 4
-7 18 -3 94 82 6
-6 18 -3 57 68 8
-5 18 -3 114 113 4
-4 18 -3 162 170 4
-3 18 -3 90 93 5
-2 18 -3 101 113 5
-1 18 -3 105 94 5
0 18 -3 31 69 19
1 18 -3 149 147 4
2 18 -3 120 113 5
3 18 -3 72 45 7
4 18 -3 130 134 4
5 18 -3 176 184 4
6 18 -3 104 99 5
7 18 -3 31 46 14
8 18 -3 52 42 44
9 18 -3 85 75 6
10 18 -3 56 47 16
-8 19 -3 182 192 4
-7 19 -3 46 59 10
-6 19 -3 89 105 6
-5 19 -3 75 75 6
-4 19 -3 145 138 5
-3 19 -3 83 69 6
-2 19 -3 93 108 6
-1 19 -3 153 162 4
0 19 -3 122 135 5
1 19 -3 144 164 4
2 19 -3 142 131 5
3 19 -3 91 109 5
4 19 -3 52 58 9
5 19 -3 69 60 7
6 19 -3 78 92 6
7 19 -3 48 51 6
8 19 -3 66 46 9
-5 20 -3 62 57 8
-4 20 -3 76 35 8
-3 20 -3 92 50 6
-2 20 -3 26 8 26
-1 20 -3 27 48 27
0 20 -3 96 83 6
1 20 -3 88 104 6
2 20 -3 52 63 13
3 20 -3 68 69 7
4 20 -3 84 82 5
5 20 -3 27 37 27
0 1 -2 354 370 3
1 1 -2 215 205 2
-1 2 -2 302 330 2
0 2 -2 155 172 1
1 2 -2 150 151 2
2 2 -2 382 375 4
-2 3 -2 330 333 5
-1 3 -2 112 118 3
0 3 -2 290 289 8
1 3 -2 199 203 2
2 3 -2 132 135 2
3 3 -2 205 206 1
-3 4 -2 431 437 3
-2 4 -2 202 202 3
-1 4 -2 228 228 6
0 4 -2 251 238 3
1 4 -2 289 307 3
2 4 -2 363 373 4
3 4 -2 230 235 3
4 4 -2 103 114 1
-4 5 -2 200 206 2
-3 5 -2 253 247 3
-2 5 -2 28 22 5
-1 5 -2 335 343 4
0 5 -2 156 134 2
1 5 -2 309 324 4
2 5 -2 432 425 5
3 5 -2 137 128 2
4 5 -2 548 570 4
5 5 -2 296 302 2
-5 6 -2 134 119 2
-4 6 -2 169 192 2
-3 6 -2 116 128 1
-2 6 -2 259 263 2
-1 6 -2 430 429 3
h k I 10Fo 10Fc 10s
0 6 -2 90 81 3
1 6 -2 91 100 2
2 6 -2 406 392 5
3 6 -2 412 424 5
4 6 -2 198 176 3
5 6 -2 194 179 1
6 6 -2 190 181 1
-6 7 -2 275 279 3
-5 7 -2 191 184 2
-4 7 -2 133 116 6
-3 7 -2 649 663 6
-2 7 -2 393 388 3
-1 7 -2 546 538 5
0 7 -2 622 610 5
1 7 -2 806 810 10
2 7 -2 423 422 5
3 7 -2 159 157 2
4 7 -2 363 350 4
5 7 -2 110 112 3
6 7 -2 250 258 2
7 7 -2 179 181 1
-7 8 -2 136 139 4
-6 8 -2 118 133 6
-5 8 -2 76 49 2
-4 8 -2 267 259 7
-3 8 -2 336 338 7
-2 8 -2 102 101 2
-1 8 -2 464 457 4
0 8 -2 488 462 4
1 8 -2 785 781 10
2 8 -2 762 769 9
3 8 -2 257 253 3
4 8 -2 28 29 9
5 8 -2 124 130 2
6 8 -2 96 93 1
7 8 -2 76 69 2
8 8 -2 108 109 2
-8 9 -2 105 122 2
-7 9 -2 110 110 7
-6 9 -2 279 282 2
-5 9 -2 153 147 2
-4 9 -2 345 352 4
-3 9 -2 144 154 6
-2 9 -2 80 68 2
-1 9 -2 255 256 2
0 9 -2 325 312 4
1 9 -2 227 227 2
2 9 -2 128 140 3
3 9 -2 170 171 3
4 9 -2 185 173 3
5 9 -2 90 95 3
6 9 -2 257 264 2
7 9 -2 80 93 2
8 9 -2 194 201 2
9 9 -2 352 361 3
-9 10 -2 100 101 5
-8 10 -2 193 191 4
-7 10 -2 330 323 3
-6 10 -2 145 148 2
-5 10 -2 310 313 10
-4 10 -2 159 152 2
-3 10 -2 263 271 2
-2 10 -2 359 358 3
-1 10 -2 28 16 28
0 10 -2 158 160 4
1 10 -2 121 127 2
2 10 -2 191 197 2
3 10 -2 59 42 4
4 10 -2 86 76 4
5 10 -2 63 68 3
6 10 -2 244 253 2
7 10 -2 185 199 5
8 10 -2 169 178 2
9 10 -2 132 144 3
10 10 -2 256 254 5
-10 11 -2 181 166 2
-9 11 -2 89 94 5
-8 11 -2 222 219 2
-7 11 -2 135 135 3
-6 11 -2 130 124 3
-5 11 -2 195 211 3
-4 11 -2 171 148 4
-3 11 -2 148 159 2
-2 11 -2 141 144 2
-1 11 -2 92 76 6
0 11 -2 351 346 4
1 11 -2 72 80 4
2 11 -2 135 153 3
h k I 1OFo lOFc lOs
3 11 -2 0 47 -1
4 11 -2 85 90 4
5 11 -2 66 83 4
6 11 -2 113 109 3
7 11 -2 156 162 4
8 11 -2 123 128 5
9 11 -2 96 97 5
10 11 -2 55 55 7
11 11 -2 291 305 3
-11 12 -2 257 265 3
-10 12 -2 114 109 4
-9 12 -2 104 94 2
-8 12 -2 188 191 2
-7 12 -2 169 177 4
-6 12 -2 75 73 4
-5 12 -2 165 166 5
-4 12 -2 76 70 3
-3 12 -2 159 159 2
-2 12 -2 107 118 3
-1 12 -2 76 55 4
0 12 -2 294 309 4
1 12 -2 227 227 3
2 12 -2 101 92 4
3 12 -2 205 195 3
4 12 -2 79 79 4
5 12 -2 77 85 4
6 12 -2 48 64 5
7 12 -2 234 248 3
8 12 -2 120 127 3
9 12 -2 75 73 5
10 12 -2 315 319 2
11 12 -2 50 66 5
12 12 -2 220 225 2
-12 13 -2 213 221 2
-11 13 -2 40 52 6
-10 13 -2 15 38 15
-9 13 -2 348 364 3
-8 13 -2 162 172 13
-7 13 -2 78 93 9
-6 13 -2 52 61 15
-5 13 -2 71 77 5
-4 13 -2 200 202 3
-3 13 -2 99 107 4
-2 13 -2 309 315 4
-1 13 -2 69 65 5
0 13 -2 181 181 3
2 13 -2 75 85 5
3 13 -2 160 153 3
4 13 -2 66 42 4
5 13 -2 137 151 3
6 13 -2 112 103 3
7 13 -2 275 266 2
8 13 -2 213 226 3
9 13 -2 275 281 2
10 13 -2 337 343 2
11 13 -2 224 224 3
12 13 -2 257 259 5
13 13 -2 93 93 13
-13 14 -2 134 134 4
-12 14 -2 84 97 10
-11 14 -2 160 163 6
-10 14 -2 223 232 4
-9 14 -2 115 128 3
-8 14 -2 318 325 5
-7 14 -2 377 389 5
-6 14 -2 190 188 4
-5 14 -2 82 75 5
-4 14 -2 37 44 9
-3 14 -2 202 206 4
-2 14 -2 52 40 6
-1 14 -2 127 132 3
0 14 -2 71 81 5
1 14 -2 38 47 8
2 14 -2 71 89 5
3 14 -2 157 175 3
4 14 -2 208 213 3
5 14 -2 95 96 3
6 14 -2 110 94 4
7 14 -2 210 214 7
8 14 -2 174 173 5
9 14 -2 354 358 3
10 14 -2 329 337 2
11 14 -2 199 197 2
12 14 -2 280 293 5
13 14 -2 95 101 3
14 14 -2 41 63 37
-14 15 -2 148 144 3
-13 15 -2 120 135 4
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h k lOFo lOFc 10s
-12 15 -2 88 93 5
-11 15 -2 0 72 -1
-10 15 -2 95 95 5
-9 15 -2 217 217 4
-8 15 -2 228 233 4
-7 15 -2 195 201 4
-6 15 -2 143 136 4
-5 15 -2 141 131 4
-4 15 -2 117 142 4
-3 15 -2 90 89 4
-2 15 -2 188 186 4
-1 15 -2 77 65 5
0 15 -2 173 177 3
1 15 -2 98 118 4
2 15 -2 97 113 4
3 15 -2 76 68 5
4 15 -2 38 52 8
5 15 -2 79 83 4
6 15 -2 42 50 7
7 15 -2 165 165 8
8 15 -2 90 97 5
9 15 -2 21 36 21
10 15 -2 117 115 8
11 15 -2 136 159 4
12 15 -2 22 57 21
13 15 -2 88 100 7
14 15 -2 154 151 18
15 15 -2 76 61 17
-15 16 -2 41 40 12
-14 16 -2 51 31 9
-13 16 -2 57 51 9
-12 16 -2 57 70 9
-11 16 -2 104 87 5
-10 16 -2 107 112 5
-9 16 -2 302 297 4
-8 16 -2 271 271 4
-7 16 -2 360 362 5
-6 16 -2 84 86 6
-5 16 -2 66 76 6
-4 16 -2 65 65 6
-3 16 -2 67 84 5
-2 16 -2 147 171 4
-1 16 -2 76 56 6
0 16 -2 113 123 4
1 16 -2 160 133 4
2 16 -2 227 236 4
3 16 -2 168 173 4
4 16 -2 166 159 4
5 16 -2 140 144 4
6 16 -2 137 130 4
7 16 -2 169 164 8
8 16 -2 318 327 4
9 16 -2 208 218 3
10 16 -2 379 386 4
11 16 -2 61 50 10
12 16 -2 129 135 20
13 16 -2 83 79 9
14 16 -2 67 51 4
15 16 -2 115 107 5
-14 17 -2 0 59 -1
-12 17 -2 118 152 5
-11 17 -2 43 60 10
-10 17 -2 114 111 4
-9 17 -2 73 77 6
-8 17 -2 275 260 4
-7 17 -2 119 125 4
-6 17 -2 308 322 4
-5 17 -2 211 203 4
-4 17 -2 259 251 4
-3 17 -2 76 91 5
-2 17 -2 84 88 5
-1 17 -2 164 162 4
0 17 -2 158 158 4
1 17 -2 12 60 11
2 17 -2 167 165 4
3 17 -2 150 149 4
4 17 -2 143 145 4
5 17 -2 50 30 7
6 17 -2 57 45 7
7 17 -2 106 114 6
8 17 -2 203 210 5
9 17 -2 126 126 5
10 17 -2 140 138 3
11 17 -2 116 109
12 17 -2 38 41 3R
13 17 -2 90 78 13
14 17 -2 90 80 7
-13 18 -2 70 54 E
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TabLe 6. Observed and calculated structure factors for 1
h k I lOFo lOFc lOs
-12 18 -2 59 59 9
-11 18 -2 81 86 6
-10 18 -2 83 99 6
-9 18 -2 87 98 5
-8 18 -2 51 61 10
-7 18 -2 151 164 4
-6 18 -2 134 128 4
-5 18 -2 227 220 4
-4 18 -2 130 121 4
-3 18 -2 123 129 4
-2 18 -2 52 67 8
-1 18 -2 170 168 4
0 18 -2 154 162 4
1 18 -2 148 153 4
2 18 -2 121 76 5
3 18 -2 76 71 5
4 18 -2 226 231 4
5 18 -2 57 56 7
6 18 -2 107 115 4
7 18 -2 151 151 2
8 18 -2 117 112 4
9 18 -2 89 91 11
10 18 -2 136 150 3
11 18 -2 153 149 2
12 18 -2 40 40 8
13 18 -2 32 44 32
-12 19 -2 110 105 5
-11 19 -2 150 149 5
-10 19 -2 84 88 6
-9 19 -2 0 27 -1
-7 19 -2 103 111 5
-6 19 -2 0 10 -1
-5 19 -2 173 191 4
-4 19 -2 162 164 4
-3 19 -2 127 128 4
-2 19 -2 87 101 6
-1 19 -2 136 137 5
0 19 -2 61 53 8
1 19 -2 182 180 4
2 19 -2 204 207 4
3 19 -2 119 115 4
4 19 -2 85 92 5
5 19 -2 95 102 5
6 19 -2 99 100 5
7 19 -2 41 11 16
8 19 -2 115 122 3
9 19 -2 0 25 -1
10 19 -2 171 175 2
11 19-2 97 87 6
12 19 -2 61 39 15
-10 20 -2 53 29 9
-9 20 -2 120 122 5
-8 20 -2 48 59 11
-7 20 -2 29 54 29
-6 20 -2 82 58 6
-5 20 -2 199 205 4
-4 20 -2 72 72 6
-3 20 -2 77 70 7
-2 20 -2 94 107 6
-1 20 -2 124 134 5
0 20 -2 27 50 26
1 20 -2 129 121 5
2 20 -2 138 139 4
4 20 -2 87 88 5
5 20 -2 0 29 -1
6 20 -2 79 86 6
7 20 -2 41 7 19
8 20 -2 97 83 3
9 20 -2 65 61 8
10 20 -2 91 78 4
-8 21 -2 76 73 7
-7 21 -2 73 75 6
-6 21 -2 132 126 5
-5 21 -2 15 30 14
-4 21 -2 98 105 5
-3 21 -2 69 60 7
-2 21 -2 92 109 6
-1 21 -2 69 32 9
0 21 -2 72 51 7
1 21 -2 45 30 12
2 21 -2 69 92 7
3 21 -2 114 121 5
4 21 -2 62 81 9
5 21 -2 21 20 21
6 21 -2 59 43 8
7 21 -2 81 57 6
8 21 -2 120 120 8
-4 22 -2 0 61 -1
h k I. lOFo 1OFc lOs
-3 22 -2 100 93 6
-2 22 -2 61 26 9
-1 22 -2 103 95 5
0 22 -2 75 69 9
1 22-2 163 177 4
2 22 -2 135 127 5
3 22 -2 33 49 17
4 22 -2 67 70 8
0 1 -1 1533 1536 13
1 1 -1 299 306 3
-1 2 -1 759 800 5
0 2 -1 242 275 3
1 2 -1 309 329 4
2 2 -1 520 543 6
-2 3 -1 60 79 3
-1 3 -1 563 624 5
0 3 -1 951 919 12
1 3 -1 622 670 7
2 3 -1 2013 1927 25
3 3 -1 513 554 7
-3 4 -1 601 635 4
-2 4-1 667 610 8
-1 4 -1 544 600 4
0 4 -1 1112 1075 11
1 4 -1 988 1022 9
2 4 -1 704 738 8
3 4-1 64 79 2
4 4 -1 418 455 3
-4 5 -1 211 199 1
-3 5 -1 473 428 4
-2 5 -1 291 371 2
-1 5 -1 806 767 5
0 5 -1 539 598 3
1 5 -1 400 371 2
2 5 -1 435 459 5
3 5 -1 672 665 8
4 5 -1 459 484 3
5 5 -1 516 504 3
-5 6 -1 120 132 1
-4 6 -1 69 66 5
-3 6 -1 835 861 6
-2 6 -1 544 529 5
-1 6 -1 282 241 2
0 6 -1 270 246 2
1 6 -1 478 507 3
2 6 -1 330 330 7
3 6 -1 242 246 3
4 6 -1 799 817 10
5 6 -1 139 146 1
6 6 -1 497 484 4
-6 7 -1 142 140 2
-5 7 -1 108 120 1
-4 7 -1 378 360 3
-3 7 -1 123 121 4
-2 7 -1 304 287 2
-1 7 -1 486 506 4
0 7 -1 135 140 1
1 7 -1 481 470 3
2 7 -1 190 190 4
3 7 -1 169 170 2
4 7 -1 240 235 3
5 7 -1 359 367 5
6 7 -1 206 199 4
7 7-1 145 150 2
-7 8-1 65 61 6
-6 8 -1 117 127 3
-5 8 -1 210 226 1
-4 8 -1 264 280 2
-3 8 -1 196 202 3
-2 8 -1 524 505 5
-1 8 -1 102 94 4
0 8 -1 258 228 2
1 8 -1 377 385 4
2 8 -1 160 165 6
3 8 -1 385 395 3
4 8 -1 208 215 3
5 8 -1 452 420 5
6 8 -1 257 252 2
7 8 -1 437 424 3
8 8 -1 123 120 2
-8 9 -1 492 487 3
-7 9 -1 385 379 3
-6 9 -1 243 221 3
-5 9 -1 283 258 2
-4 9 -1 98 100 1
-3 9 -1 516 519 3
-2 9 -1 379 388 2
-1 9 -1 174 186 1
h k I lOFo lOFc lOs
0 9 -1 124 133 1
1 9 -1 241 234 3
2 9 -1 147 151 3
3 9 -1 457 431 8
4 9 -1 331 335 4
5 9 -1 446 446 5
6 9 -1 457 458 3
7 9 -1 262 266 2
8 9 -1 356 352 2
9 9 -1 135 125 2
-9 10 -1 316 323 3
-8 10 -1 237 231 3
-7 10 -1 44 55 13
-6 10 -1 294 282 2
-5 10 -1 341 346 2
-4 10 -1 271 255 2
-3 10 -1 341 313 5
-2 10 -1 177 177 2
-1 10 -1 386 373 2
0 10 -1 140 143 1
1 10 -1 15 11 9
2 10 -1 313 290 2
3 10 -1 270 244 3
4 10 -1 181 200 3
5 10 -1 350 343 4
6 10 -1 172 165 3
7 10 -1 397 389 3
8 10 -1 127 131 1
9 10 -1 159 146 6
10 10 -1 121 126 5
-10 11 -1 249 240 2
-9 11 -1 255 275 2
-8 11 -1 144 146 2
-7 11 -1 317 324 3
-6 11 -1 249 253 2
-5 11 -1 79 87 2
-4 11 -1 223 210 2
-3 11 -1 271 265 2
-2 11 -1 379 364 2
-1 11 -1 244 219 2
0 11 -1 240 239 3
1 11 -1 249 228 2
2 11 -1 162 167 1
3 11 -1 361 374 3
4 11 -1 112 123 5
5 11 -1 425 412 5
6 11 -1 155 152 6
7 11 -1 225 239 3
8 11 -1 128 122 6
9 11 -1 131 132 3
10 11 -1 212 229 2
11 11 -1 218 221 2
-11 12 -1 180 194 2
-10 12 -1 225 228 2
-9 12 -1 313 324 5
-8 12 -1 284 298 2
-7 12 -1 134 135 2
-6 12 -1 164 158 3
-5 12 -1 316 314 3
-4 12 -1 236 246 3
-3 12 -1 284 287 2
-2 12 -1 29 47 29
-1 12 -1 294 304 2
0 12 -1 377 380 3
1 12 -1 76 72 5
2 12 -1 284 293 3
3 12 -1 162 165 6
4 12 -1 111 122 2
5 12 -1 76 69 4
6 12 -1 124 136 3
7 12 -1 220 226 3
8 12 -1 88 92 9
9 12 -1 207 207 2
10 12 -1 204 204 3
11 12 -1 138 134 2
12 12 -1 225 222 6
-12 13 -1 38 46 11
-11 13 -1 323 325 4
-10 13 -1 121 125 2
-9 13 -1 120 120 3
-8 13 -1 245 251 2
-7 13 -1 301 292 2
-6 13 -1 182 183 2
-5 13 -1 176 179 3
-4 13 -1 219 223 2
-3 13 -1 314 324 2
-2 13 -1 106 110 1
-1 13 -1 236 239 5
h k lOFo lOFc lOs
0 13 -1 62 70 7
1 13 -1 376 376 4
2 13 -1 249 235 4
3 13 -1 141 141 2
4 13 -1 225 229 2
5 13 -1 220 220 3
6 13 -1 61 42 5
7 13 -1 198 201 4
8 13 -1 269 282 3
9 13 -1 127 137 2
10 13 -1 73 62 3
11 13 -1 35 42 6
12 13 -1 67 92 3
13 13 -1 101 102 4
-13 14 -1 113 121 3
-12 14 -1 65 62 3
-11 14 -1 115 125 2
-10 14 -1 60 62 4
-9 14 -1 45 28 16
-8 14 -1 104 94 8
-7 14 -1 165 170 7
-6 14 -1 113 110 3
-5 14 -1 186 174 2
-4 14 -1 264 267 5
-3 14 -1 156 158 2
-2 14 -1 0 13 -1
-1 14 -1 189 184 5
0 14 -1 186 188 1
1 14 -1 137 142 4
2 14 -1 205 216 2
3 14 -1 101 105 2
4 14 -1 40 56 18
5 14 -1 91 98 4
6 14 -1 85 113 4
7 14 -1 98 100 2
8 14 -1 185 177 2
9 14 -1 131 131 3
10 14 -1 98 106 7
11 14 -1 199 210 3
12 14 -1 140 136 3
13 14 -1 174 188 6
14 14 -1 102 104 13
-14 15 -1 56 33 21
-13 15 -1 67 56 7
-12 15 -1 152 158 2
-11 15 -1 87 86 5
-10 15 -1 9 35 9
-9 15 -1 117 125 8
-8 15 -1 10 26 10
-7 15 -1 85 79 3
-6 15 -1 178 178 3
-5 15 -1 164 160 4
-4 15 -1 80 94 6
-3 15 -1 312 312 3
-2 15 -1 85 75 3
-1 15 -1 256 253 7
0 15 -1 13 41 12
1 15 -1 119 121 6
2 15 -1 192 185 2
3 15 -1 107 105 3
4 15 -1 156 155 2
5 15 -1 0 55 -1
6 15 -1 167 192 4
7 15 -1 157 157 5
8 15 -1 120 127 5
9 15 -1 108 93 2
10 15 -1 82 84 3
11 15 -1 87 86 5
12 15 -1 89 78 5
13 15 -1 70 50 4
14 15 -1 88 90 10
15 15 -1 89 83 4
-15 16 -1 18 36 17
-14 16 -1 127 118 16
-13 16 -1 37 26 15
-12 16 -1 123 132 2
-11 16 -1 38 29 8
-10 16 -1 126 128 2
-9 16 -1 50 23 4
-8 16 -1 86 84 10
-7 16 -1 48 41 8
-6 16 -1 84 76 3
-5 16 -1 108 109 2
-4 16 -1 134 146 2
-3 16 -1 218 222 9
-2 16 -1 119 132 2
-1 16 -1 152 148 2
0 16 -1 112 116 5
Page 3
h k t lOFo lOFc lOs
1 16 -1 187 177 2
2 16 -1 72 52 18
3 16 -1 68 77 16
4 16 -1 217 222 6
5 16 -1 159 153 2
6 16 -1 109 116 4
7 16 -1 132 128 6
8 16 -1 69 66 3
9 16 -1 26 33 26
10 16 -1 115 120 5
11 16 -1 78 109 11
12 16 -1 118 123 3
13 16 -1 126 130 9
14 16 -1 57 61 32
15 16 -1 59 33 23
16 16 -1 36 59 12
-16 17 -1 54 50 7
-15 17 -1 100 105 15
-14 17 -1 19 23 18
-13 17 -1 52 47 6
-12 17 -1 98 85 10
-11 17 -1 214 209 5
-10 17 -1 58 60 23
-9 17 -1 85 96 13
-8 17 -1 71 69 3
-7 17 -1 114 117 5
-6 17 -1 223 231 5
-5 17 -1 137 130 4
-4 17 -1 145 138 2
-3 17 -1 130 142 2
-2 17 -1 179 179 5
-1 17 -1 83 90 3
0 17 -1 180 181 8
1 17 -1 101 90 3
2 17 -1 106 105 5
3 17 -1 218 221 4
4 17 -1 314 314 11
5 17 -1 141 143 4
6 17 -1 215 228 4
7 17 -1 182 178 5
8 17 -1 170 170 3
9 17 -1 223 226 5
10 17 -1 147 150 5
11 17 -1 83 92 5
12 17 -1 226 234 8
13 17 -1 71 60 11
14 17 -1 85 88 4
15 17 -1 89 80 16
16 17 -1 88 73 4
-15 18 -1 50 29 7
-14 18 -1 138 143 17
-13 18 -1 45 34 9
-12 18 -1 56 13 8
-11 18 -1 85 77 9
-10 18 -1 155 146 3
-9 18 -1 57 39 4
-8 18 -1 106 114 3
-7 18 -1 201 190 8
-6 18 -1 212 211 11
-5 18 -1 45 43 5
-4 18 -1 84 96 5
-3 18 -1 172 177 2
-2 18 -1 67 59 14
-1 18 -1 163 155 7
0 18 -1 263 282 12
1 18 -1 162 158 4
2 18 -1 70 69 5
3 18 -1 160 154 4
4 18 -1 312 303 4
5 18 -1 226 206 4
6 18 -1 164 174 4
7 18 -1 311 323 8
8 18 -1 57 51 14
9 18 -1 80 72 6
10 18 -1 159 159 8
11 18 -1 118 118 6
12 18 -1 133 123 3
13 18 -1 105 98 8
14 18 -1 65 33 5
15 18 -1 87 65 4
-13 19 -1 47 54 12
-12 19 -1 94 102 4
-11 19 -1 87 85 13
-10 19 -1 77 71 19
-9 19 -1 89 77 15
-8 19 -1 230 225 3
-7 19 -1 91 99 14
-6 19 -1 101 104 3
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Table 6. Observed and calculated structure factors for 1
h k 10Fo 1OFc 10s
-5 19 -1
-4 19 -1
-3 19 -1
-2 19 -1
-1 19 -1
0 19 -1
1 19 -1
2 19 -1
3 19 -1
4 19 -1
5 19 -1
6 19 -1
7 19 -1
8 19 -1
9 19 -1
10 19 -1
11 19 -1
12 19 -1
13 19 -1
-12 20 -1
-11 20 -1
-10 20 -1
-9 20 -1
-8 20 -1
-7 20 -1
-6 20 -1
-5 20 -1
-4 20 -1
-3 20 -1
-2 20 -1
-1 20 -1
0 20 -1
1 20 -1
2 20 -1
3 20 -1
4 20 -1
5 20 -1
6 20 -1
7 20 -1
8 20 -1
9 20 -1I
10 20 -1
11 20 -1
12 20 -1
-10 21 -1
-9 21 -1
-8 21 -1
-7 21 -1
-6 21 -1
-5 21 -1
-4 21 -1
-3 21 -1
-2 21 -1
-1 21 -1
0 21 -1
1 21 -1
2 21 -1
3 21 -1
4 21 -1
5 21 -1
6 21 -1
7 21 -1
8 21 -1
9 21 -1
10 21 -1
-8 22 -1
-7 22 -1
-6 22 -1
-5 22 -1
-4 22 -1
-3 22 -1
-2 22 -1
-1 22 -1
0 22 -1
1 22 -1
2 22 -1
3 22 -1
4 22 -1
5 22 -1
6 22 -1
7 22 -1
8 22 -1
-4 23 -1
-3 23 -1
-2 23 -1
-1 23 -1
0 23 -1
1 23 -1
204
116
206
61
264
142
127
93
62
177
117
209
137
96
107
99
203
162
43
27
96
160
120
135
141
259
73
251
157
162
167
151
80
152
263
41
142
122
180
56
83
74
89
58
103
157
43
84
155
74
90
144
78
123
98
67
87
148
125
105
76
72
94
52
73
29
54
0
80
66
114
58
80
70
95
144
125
105
95
56
14
67
64
11
91
92
29
91
h k I lOFo 1OFc 10s
193
110
219
71
260
155
131
71
29
193
98
206
138
98
102
88
207
169
37
37
84
158
119
131
128
269
69
262
156
185
155
136
78
152
268
34
123
112
178
72
60
29
85
33
105
158
36
53
153
87
100
131
22
127
94
31
71
145
95
93
38
47
86
54
39
48
46
39
80
56
94
50
95
59
76
144
111
78
95
79
36
46
44
25
76
87
26
88
2 23 -3 23 -
4 23 -
1 1
-1 2
0 2
1 2
2 2
-2 3
-1 3
0 3
1 3
2 3
3 3
-3 4
-2 4
-1 4
0 4
1 4
2 4
3 4
4 4
-4 5
-3 5
-2 5
-1 5
0
1
2
3
4
5
-5
-4
-3
-2
-1
0
1
2
3
4
5
6
-6
-5
-4
-3
-2
-1
0
1
2
3
4
5
6
7
-7
-6
-5
-4
-3
-2
-1
0
1
1 114 98
1 92 44
1 101 81
0 0 1033
0 273 13
0 236 798
0 48 287
0 612 869
0 782 622
0 650 432
0 411 646
0 850 666
0 84 51
0 416 494
0 722 688
0 261 184
0 743 629
0 47 137
0 634 562
0 358 323
0 259 254
0 540 528
0 421 429
0 322 334
0 101 71
0 1253 1245
0 419 433
0 1957 1863
0 328 283
0 1373 1308
0 278 297
0 304 317
0 346 353
0 229 225
0 295 284
0 434 430
0 48 58
0 191 171
0 348 292
0 236 175
0 515 448
0 170 217
0 71 89
0 191 213
0 41 26
0 578 574
0 0 26
0 59 41
0 208 202
0 663 657
0 251 223
0 196 136
0 620 660
0 71 108
0 637 583
0 20 2
0 112 104
0 561 552
0 193 185
0 861 816
0 60 18
0 0 36
0 146 129
0 378 381
0 494 457
0 69 54
0 525 568
0 467 427
0 420 391
0 120 121
0 621 637
0 795 776
0 275 260
0 542 539
0 49 53
0 522 497
0 1124 1095
0 396 379
0 22 44
0 531 493
0 474 445
0 307 306
0 401 390
0 390 385
0 138 142
0 465 449
0 125 120
0 664 635
h k 10Fo 10Fc lOs
6 9
7 9
8 9
9 9
-9 10
-8 10
-7 10
-6 10
-5 10
-4 10
-3 10
-2 10
-1 10
0 10
1 10
2 10
3 10
4 10
5 10
6 10
7 10
8 10
9 10
10 10
-10 11
-9 11
-8 11
-7 11
-6 11
-5 11
-4 11
-3 11
-2 11
-1 11
0 11
1 11
2 11
3 11
4 11
5 11
6 11
7 11
8 11
9 11
10 11
11 11
-11 12
-10 12
-9 12
-8 12
-7 12
-6 12
-5 12
-4 12
-3 12
-2 12
-1 12
0 12
1 12
2 12
3 12
4 12
5 12
6 12
7 12
8 12
9 12
10 12
11 12
12 12
-12 13
-11 13
-10 13
-9 13
-8 13
-7 13
-6 13
-5 13
-4 13
-3 13
-2 13
-1 13
0 13
1 13
2 13
3 13
4 13
5 13
581
648
240
483
226
541
492
769
142
138
56
269
328
34
40
37
374
46
310
168
284
271
194
186
103
22
196
104
284
170
134
509
251
245
398
341
92
72
75
303
136
36
389
57
211
113
105
86
31
33
162
67
213
134
132
101
160
365
95
82
200
55
400
102
189
83
49
53
82
36
103
41
44
26
85
175
48
440
133
336
2
13
74
349
115
79
102
76
605
653
243
446
226
516
490
736
149
130
40
263
332
37
15
36
371
14
280
159
287
244
203
189
111
34
183
87
272
175
123
516
263
277
379
335
112
73
47
271
121
33
380
54
204
104
103
93
19
31
166
79
190
111
137
100
156
339
102
82
185
21
392
112
175
61
45
55
60
6
105
44
28
32
85
162
54
432
112
320
30
8
86
302
95
74
115
72
h k t lOFo lOFc lOs
6 13
7 13
8 13
9 13
10 13
11 13
12 13
13 13
-13 14
-12 14
-11 14
-10 14
-9 14
-8 14
-7 14
-6 14
-5 14
-4 14
-3 14
-2 14
-1 14
0 14
1 14
2 14
3 14
4 14
5 14
6 14
7 14
8 14
9 14
10 14
11 14
12 14
13 14
14 14
-14 15
-13 15
-12 15
-11 15
-10 15
-9 15
-8 15
-7 15
-6 15
-5 15
-4 15
-3 15
-2 15
-1 15
0 15
1 15
2 15
3 15
4 15
5 15
7 15
8 15
9 15
10 15
11 15
12 15
13 15
14 15
15 15
-15 16
-14 16
-13 16
-12 16
-11 16
-10 16
-9 16
-8 16
-7 16
-6 16
-5 16
-4 16
-3 16
-2 16
-1 16
0 16
1 16
2 16
3 16
4 16
5 16
6 16
7 16
0
7
192
43
31
40
92
46
38
94
107
44
99
199
149
71
24
77
95
202
82
436
160
33
69
56
225
62
123
93
34
82
92
96
52
124
53
51
25
106
161
237
0
226
111
54
55
126
110
61
52
566
185
91
161
48
123
159
18
30
81
52
105
120
103
48
164
52
28
59
32
46
101
8
80
163
310
32
169
37
80
397
37
295
234
0
31
115
25
29
191
21
11
21
90
52
46
75
104
54
93
203
167
73
16
91
84
199
76
407
148
10
57
50
214
55
144
83
33
81
99
83
13
133
51
59
30
95
153
233
36
213
112
50
40
129
107
67
16
568
175
89
158
63
138
165
14
12
87
60
92
115
89
51
166
15
19
40
17
30
108
1
65
146
309
33
180
49
59
404
27
298
226
2
44
107
Page 4
h k I lOFo lOFc lOs
8 16
9 16
10 16
11 16
12 16
13 16
14 16
15 16
16 16
-16 17
-15 17
-14 17
-13 17
-12 17
-11 17
-10 17
-9 17
-8 17
-7 17
-6 17
-5 17
-4 17
-3 17
-2 17
-1 17
0 17
1 17
2 17
3 17
4 17
5 17
7 17
8 17
9 17
10 17
11 17
12 17
13 17
14 17
15 17
16 17
-15 18
-14 18
-13 18
-12 18
-11 18
-10 18
-9 18
-8 18
-7 18
-6 18
-5 18
-4 18
-3 18
-2 18
-1 18
0 18
1 18
2 18
3 18
4 18
5 18
6 18
7 18
8 18
9 18
10 18
11 18
12 18
13 18
14 18
15 18
-14 19
-13 19
-12 19
-11 19
-10 19
-9 19
-8 19
-7 19
-6 19
-5 19
-4 19
-3 19
-2 19
-1 19
0 19
1 19
65
46
63
103
69
37
102
61
74
0
41
74
67
38
31
89
108
120
219
43
38
79
113
26
109
194
345
168
411
176
162
133
123
95
30
40
35
44
224
132
58
48
54
104
17
147
76
30
184
77
71
116
126
164
98
66
341
355
42
442
166
45
153
184
119
55
149
79
23
29
26
81
28
0
168
43
130
44
0
26
156
86
97
282
62
56
329
217
51
41
68
95
51
11
99
55
65
10
36
80
61
31
2
81
114
127
213
47
30
85
120
40
93
187
347
171
412
176
180
140
135
111
50
15
24
39
216
142
33
66
34
104
25
146
12
12
171
89
68
108
119
172
82
64
348
367
28
438
160
67
149
180
126
16
163
92
48
15
34
47
42
11
175
65
141
59
1
7
166
87
92
278
31
38
339
217
166
h k I lOFo lOFc 10s h k lOFo lOFc lOs h k lOFo lOFc 10s h k I lOFo lOFc lOs h k I lOFo lOFc lOs
2 19 0 161 168 6 3 23 0 64 41 12 4 9 1 330 335 1 4 13 1 225 229 2 5 16 1 162 154 2
3 19 0 52 63 8 4 23 0 76 70 6 5 9 1 450 446 2 5 13 1 217 220 2 6 16 1 115 115 4
4 19 0 116 125 17 5 23 0 211 194 4 6 9 1 461 458 2 6 13 1 50 42 6 7 16 1 129 128 2
5 19 0 0 39 -1 6 23 0 112 86 5 7 9 1 270 266 3 7 13 1 203 201 1 8 16 1 73 66 7
6 19 0 31 39 30 0 1 1 1571 1536 7 8 9 1 359 352 2 8 13 1 273 282 2 9 16 1 48 33 15
7 19 0 24 18 23 1 1 1 310 306 2 9 9 1 130 126 3 9 13 1 133 137 2 10 16 1 121 121 9
8 19 0 59 38 12 -1 2 1 765 800 4 -9 10 1 314 323 2 10 13 1 73 62 5 11 16 1 96 109 6
9 19 0 241 239 2 0 2 1 252 276 1 -8 10 1 239 231 2 11 13 1 30 42 11 12 16 1 115 123 6
10 19 0 69 45 16 1 2 1 319 329 1 -7 10 1 51 55 8 12 13 1 92 92 2 13 16 1 120 130 3
11 19 0 85 82 7 2 2 1 521 543 3 -6 10 1 286 282 2 13 13 1 104 102 3 14 16 1 72 61 6
12 19 0 130 127 16 -2 3 1 65 79 3 -5 10 1 338 346 3 -13 14 1 121 121 5 15 16 1 33 33 9
13 19 0 73 80 5 -1 3 1 568 623 3 -4 10 1 268 255 1 -12 14 1 63 62 4 16 16 1 60 59 5
14 19 0 34 33 34 0 3 1 971 919 4 -3 10 1 351 313 1 -11 14 1 115 125 6 -16 17 1 63 50 11
-12 20 0 50 22 18 1 3 1 634 670 3 -2 10 1 179 177 2 -10 14 1 68 62 7 -15 17 1 99 105 18
-11 20 0 21 0 21 2 3 1 2061 1927 10 -1 10 1 378 373 5 -9 14 1 57 28 4 -14 17 1 59 23 59
-10 20 0 67 37 19 3 3 1 510 554 2 0 10 1 142 143 1 -8 14 1 100 94 2 -13 17 1 62 47 5
-9 20 0 65 62 5 -3 4 1 609 635 3 1 10 1 26 11 6 -7 14 1 168 170 1 -12 17 1 89 85 8
-8 20 0 116 116 2 -2 4 1 679 610 4 2 10 1 307 290 3 -6 14 1 101 110 1 -11 17 1 208 209 7
-7 20 0 43 39 25 -1 4 1 554 601 2 3 10 1 267 244 1 -5 14 1 182 173 3 -10 17 1 55 60 4
-6 20 0 26 23 10 0 4 1 1116 1075 6 4 10 1 177 200 1 -4 14 1 266 267 2 -9 17 1 79 96 6
-5 20 0 29 9 29 1 4 1 1010 1022 4 5 10 1 347 343 2 -3 14 1 153 158 2 -8 17 1 82 69 7
-4 20 0 202 204 2 2 4 1 719 738 3 6 10 1 178 165 4 -2 14 1 0 13 -1 -7 17 1 119 117 2
-3 20 0 67 68 8 3 4 1 76 79 2 7 10 1 393 389 2 -1 14 1 182 184 2 -6 17 1 225 231 2
-2 20 0 25 29 25 4 4 1 419 455 2 8 10 1 128 132 3 0 14 1 184 187 1 -5 17 1 146 130 3
-1 20 0 134 121 6 -4 5 1 209 199 1 9 10 1 163 147 2 1 14 1 134 142 2 -4 17 1 145 138 5
0 20 0 69 70 4 -3 5 1 474 427 2 10 10 1 125 126 2 2 14 1 208 216 2 -3 17 1 142 142 3
1 20 0 134 117 10 -2 5 1 296 371 1 -10 11 1 252 241 3 3 14 1 101 106 1 -2 17 1 184 179 2
2 20 0 272 284 3 -1 5 1 819 766 3 -9 11 1 255 275 3 4 14 1 53 56 6 -1 17 1 90 90 7
3 20 0 36 40 19 0 5 1 542 598 4 -8 11 1 147 145 1 5 14 1 96 98 4 0 17 1 186 181 4
4 20 0 282 290 10 1 5 1 404 371 3 -7 11 1 314 324 3 6 14 1 114 113 4 1 17 1 82 90 2
5 20 0 40 36 40 2 5 1 444 459 2 -6 11 1 246 253 1 7 14 1 108 100 3 2 17 1 104 105 4
6 20 0 133 156 5 3 5 1 688 666 3 -5 11 1 84 87 3 8 14 1 186 177 2 3 17 1 214 221 3
7 20 0 31 56 19 4 5 1 460 484 3 -4 11 1 217 210 3 9 14 1 132 131 1 4 17 1 307 314 4
8 20 0 42 6 7 5 5 1 516 504 6 -3 11 1 275 264 3 10 14 1 107 106 5 5 17 1 149 143 2
9 20 0 61 40 6 -5 6 1 120 132 1 -2 11 1 382 364 4 11 14 1 203 210 5 6 17 1 216 228 2
10 20 0 136 145 6 -4 6 1 68 66 3 -1 11 1 240 219 2 12 14 1 142 137 3 7 17 1 177 178 6
11 20 0 0 27 -1 -3 6 1 845 861 4 0 11 1 238 239 2 13 14 1 178 188 2 8 17 1 175 170 2
12 20 0 31 12 14 -2 6 1 543 529 4 1 11 1 249 228 2 14 14 1 109 104 8 9 17 1 228 226 5
-11 21 0 102 103 3 -1 6 1 280 241 2 2 11 1 163 167 3 -14 15 1 47 33 46 10 17 1 151 150 2
-10 21 0 97 93 14 0 6 1 271 246 1 3 11 1 358 374 2 -13 15 1 62 56 15 11 17 1 98 92 8
-9 21 0 107 108 11 1 6 1 478 508 2 4 11 1 113 123 3 -12 15 1 155 158 3 12 17 1 236 234 2
-8 21 0 93 97 7 2 6 1 336 329 1 5 11 1 421 412 2 -11 15 1 106 86 7 13 17 1 74 60 14
-7 21 0 133 139 3 3 6 1 241 246 1 6 11 1 156 152 1 -10 15 1 39 35 9 14 17 1 97 88 20
-6 21 0 79 68 5 4 6 1 817 817 4 7 11 1 227 239 1 -9 15 1 122 125 6 15 17 1 96 80 11
-5 21 0 77 50 6 5 6 1 140 146 1 8 11 1 128 122 2 -8 15 1 20 26 19 16 17 1 82 73 6
-4 21 0 150 139 3 6 6 1 488 484 2 9 11 1 135 132 3 -7 15 1 85 79 8 -15 18 1 55 29 21
-3 21 0 65 16 11 -6 7 1 145 140 2 10 11 1 219 229 2 -6 15 1 177 178 2 -14 18 1 145 143 7
-2 21 0 58 25 5 -5 7 1 108 120 1 11 11 1 220 221 3 -5 15 1 161 161 2 -13 18 1 56 33 5
-1 21 0 90 74 12 -4 7 1 381 359 4 -11 12 1 182 194 4 -4 15 1 89 94 2 -12 18 1 40 13 22
0 21 0 92 82 20 -3 7 1 120 121 1 -10 12 1 224 228 2 -3 15 1 321 312 2 -11 18 1 79 77 10
1 21 0 54 24 6 -2 7 1 303 286 3 -9 12 1 324 325 3 -2 15 1 70 75 7 -10 18 1 139 145 2
2 21 0 216 234 4 -1 7 1 487 505 4 -8 12 1 281 298 2 -1 15 1 250 253 2 -9 18 1 51 39 11
3 21 0 64 59 5 0 7 1 136 140 1 -7 12 1 130 135 1 0 15 1 41 41 10 -8 18 1 103 114 5
4 21 0 40 49 40 1 7 1 484 470 2 -6 12 1 161 158 2 1 15 1 111 121 2 -7 18 1 198 190 2
5 21 0 0 35 -1 2 7 1 191 190 1 -5 12 1 319 314 3 2 15 1 186 185 2 -6 18 1 212 211 3
6 21 0 34 46 16 3 7 1 169 170 1 -4 12 1 235 246 3 3 15 1 100 104 7 -5 18 1 41 43 15
7 21 0 57 51 11 4 7 1 242 235 1 -3 12 1 287 287 3 4 15 1 149 155 4 -4 18 1 92 95 3
8 21 0 71 67 7 5 7 1 362 367 2 -2 12 1 42 47 3 5 15 1 24 55 7 -3 18 1 170 176 4
9 21 0 279 303 8 6 7 1 202 199 2 -1 12 1 291 304 3 6 15 1 173 192 2 -2 18 1 72 59 14
10 21 0 178 161 4 7 7 1 148 151 1 0 12 1 383 380 3 7 15 1 159 157 3 -1 18 1 160 155 3
11 21 0 93 81 6 -7 8 1 56 61 3 1 12 1 83 72 3 8 15 1 121 127 3 0 18 1 265 282 5
-9 22 0 214 205 3 -6 8 1 123 127 1 2 12 1 291 293 3 9 15 1 97 93 8 18 1 1 157 158 2
-8 22 0 129 120 4 -5 8 1 210 226 3 3 12 1 163 165 1 10 15 1 86 84 3 2 18 1 59 69 8
-7 22 0 136 124 7 -4 8 1 261 279 2 4 12 1 118 122 4 11 15 1 100 86 5 3 18 1 151 154 2
-6 22 0 225 218 5 -3 8 1 198 202 1 5 12 1 75 70 1 12 15 1 71 78 5 4 18 1 309 303 7
-5 22 0 56 42 8 -2 8 1 524 505 4 6 12 1 135 136 2 13 15 1 70 51 9 5 18 1 206 206 4
-4 22 0 81 87 15 -1 8 1 106 94 1 7 12 1 233 226 2 14 15 1 87 90 5 6 18 1 177 174 2
-3 22 0 73 84 11 0 8 1 254 228 4 8 12 1 89 92 5 15 15 1 81 83 3 7 18 1 326 323 3
-2 22 0 36 0 36 1 8 1 378 385 3 9 12 1 209 207 1 -15 16 1 52 36 13 8 18 1 64 51 17
-1 22 0 21 4 20 2 8 1 163 165 3 10 12 1 208 204 2 -14 16 1 123 118 2 9 18 1 85 72 4
0 22 0 81 94 11 3 8 1 381 394 4 11 12 1 138 134 7 -13 16 1 35 26 20 10 18 1 165 159 4
1 22 0 40 34 8 4 8 1 208 215 1 1212 1 222 222 2 -12 16 1 136 132 2 11 18 1 124 119 3
2 22 0 182 183 11 5 8 1 447 420 2 -12 13 1 59 46 7 -11 16 1 29 29 18 12 18 1 130 123 3
3 22 0 86 62 4 6 8 1 256 252 1 -11 13 1 319 325 3 -10 16 1 127 128 2 13 18 1 91 98 17
4 22 0 80 73 19 7 8 1 435 425 2 -10 13 1 126 125 3 -9 16 1 52 23 12 14 18 1 32 33 32
5 22 0 98 110 25 8 8 1 119 120 2 -9 13 1 128 120 7 -8 16 1 88 84 2 15 18 1 85 65 4
6 22 0 57 37 5 -8 9 1 498 487 4 -8 13 1 252 251 2 -7 16 1 53 41 12 -13 19 1 66 54 17
7 22 0 94 66 6 -7 9 1 383 379 4 -7 13 1 302 292 3 -6 16 1 78 76 4 -12 19 1 105 101 5
9 22 0 65 7 7 -6 9 1 241 221 1 -6 13 1 186 183 4 -5 16 1 114 109 12 -11 19 1 85 85 3
-6 23 0 73 2 27 -5 9 1 276 258 2 -5 13 1 180 179 3 -4 16 1 141 146 4 -10 19 1 84 71 5
-5 23 0 66 1 26 -4 9 1 98 100 1 -4 13 1 223 223 2 -3 16 1 223 222 2 -9 19 1 85 77 6
-4 23 0 108 83 16 -3 9 1 510 519 3 -3 13 1 315 324 2 -2 16 1 131 132 1 -8 19 1 222 225 2
-3 23 0 0 27 -1 -2 9 1 375 388 2 -2 13 1 109 110 1 -1 16 1 160 148 2 -7 19 1 103 99 4
-2 23 0 24 10 15 -1 9 1 172 186 2 -1 13 1 241 239 2 0 16 1 108 116 5 -6 19 1 112 104 6
-1 23 0 24 12 23 0 9 1 125 133 1 0 13 1 79 70 6 1 16 1 182 177 2 -5 19 1 200 193 2
0 23 0 198 198 3 1 9 1 242 235 3 1 13 1 382 376 4 2 16 1 55 52 8 -4 19 1 126 109 2
1 23 0 88 84 4 2 9 1 147 151 2 2 13 1 252 235 1 3 16 1 69 77 2 -3 19 1 214 219 2
2 23 0 63 4 22 3 9 1 447 431 2 3 13 1 139 141 3 4 16 1 215 222 2 -2 19 1 84 71 8
167
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Table 6. Observed and calculated structure factors for 1
h k I 10Fo 10Fc 10s
-1 19
0 19
1 19
2 19
3 19
4 19
5 19
6 19
7 19
8 19
9 19
10 19
11 19
12 19
13 19
-12 20
-11 20
-10 20
-9 20
-8 20
-7 20
-6 20
-5 20
-4 20
-3 20
-2 20
-1 20
0 20
1 20
2 20
3 20
4 20
5 20
6 20
7 20
8 20
9 20
10 20
11 20
12 20
-10 21
-9 21
-8 21
-7 21
-6 21
-5 21
-4 21
-3 21
-2 21
-1 21
0 21
1 21
2 21
3 21
4 21
5 21
6 21
7 21
8 21
9 21
10 21
-8 22
-7 22
-6 22
-5 22
-4 22
-3 22
-2 22
-1 22
0 22
1 22
2 22
3 22
4 22
5 22
6 22
7 22
8 22
-4 23
-3 23
-2 23
-1 23
0 23
1 23
2 23
3 23
4 23
0 0
262
158
132
51
54
182
99
206
146
111
108
91
209
168
26
28
62
159
124
144
136
263
82
266
159
177
153
131
92
153
264
24
141
113
174
91
76
34
90
24
116
154
62
68
159
93
112
134
51
129
100
59
90
148
107
91
0
70
85
64
55
46
59
24
83
83
110
61
108
73
81
140
116
81
82
65
59
48
76
51
95
83
39
107
120
39
78
208
260
155
131
71
29
192
98
207
138
98
102
88
207
169
37
37
84
158
119
131
128
269
69
262
156
185
155
136
79
152
268
34
123
112
178
73
59
29
85
33
105
158
36
53
152
87
100
131
22
127
94
31
71
145
95
93
38
47
86
54
39
48
46
39
80
56
94
50
95
59
76
144
111
78
94
79
36
46
44
25
76
87
26
88
98
44
81
188
h k I lOFo lOFc lOs
359 370
218 205
312 330
164 172
151 151
400 375
336 333
121 118
305 289
205 203
138 135
208 206
439 437
207 202
239 228
260 238
294 307
376 373
242 235
97 114
200 207
258 247
19 22
348 343
156 134
319 324
448 425
145 128
556 570
301 302
136 119
173 192
124 128
261 263
448 429
85 81
84 100
409 393
422 424
189 176
195 180
200 181
279 279
191 184
131 116
661 663
395 388
560 539
631 610
830 810
424 421
154 157
363 350
113 112
254 258
188 181
141 139
122 133
65 49
268 259
349 338
103 101
470 458
504 462
806 781
774 769
265 253
33 29
124 130
100 93
72 69
116 109
111 122
107 110
281 282
156 147
349 352
144 154
78 68
258 257
330 312
235 227
133 140
181 171
184 173
98 95
272 264
84 93
h k t lOFo lOFc 10s
8 9
9 9
-9 10
-8 10
-7 10
-6 10
-5 10
-4 10
-3 10
-2 10
-1 10
0 10
1 10
2 10
3 10
4 10
5 10
6 10
7 10
8 10
9 10
10 10
-10 11
-9 11
-8 11
-7 11
-6 11
-5 11
-4 11
-3 11
-2 11
-1 11
0 11
1 11
2 11
3 11
4 11
5 11
6 11
7 11
8 11
9 11
10 11
11 11
-11 12
-10 12
-9 12
-8 12
-7 12
-6 12
-5 12
-4 12
-3 12
-2 12
-1 12
0 12
1 12
2 12
3 12
4 12
5 12
6 12
7 12
8 12
9 12
10 12
11 12
12 12
-12 13
-11 13
-10 13
-9 13
-8 13
-7 13
-6 13
-5 13
-4 13
-3 13
-2 13
-1 13
0 13
1 13
2 13
3 13
4 13
5 13
6 13
7 13
196 201
357 362
109 102
197 191
336 323
149 148
309 313
164 152
266 270
353 358
26 15
163 160
125 127
200 196
63 42
88 76
72 68
248 253
189 199
179 178
135 144
254 254
179 166
89 94
226 219
147 135
129 124
202 212
157 148
154 160
140 144
86 76
355 346
96 80
154 153
57 47
89 90
74 83
103 108
160 162
129 128
99 97
73 55
297 305
261 265
121 109
102 94
187 191
176 177
70 73
170 166
70 70
160 159
119 118
71 55
314 309
244 227
103 92
198 196
79 79
90 85
66 64
238 248
141 127
86 72
315 319
97 66
220 225
213 221
62 52
43 38
358 364
173 172
96 93
60 61
67 77
206 202
113 107
315 315
81 65
200 180
52 51
79 85
167 154
61 42
150 151
107 103
279 266
h k I lOFo lOFc lOs
8 13
9 13
10 13
11 13
12 13
13 13
-13 14
-12 14
-11 14
-10 14
-9 14
-8 14
-7 14
-6 14
-5 14
-4 14
-3 14
-2 14
-1 14
0 14
1 14
2 14
3 14
4 14
5 14
6 14
7 14
8 14
9 14
10 14
11 14
12 14
13 14
14 14
-14 15
-13 15
-12 15
-11 15
-10 15
-9 15
-8 15
-7 15
-6 15
-5 15
-4 15
-3 15
-2 15
-1 15
0 15
1 15
2 15
3 15
4 15
5 15
6 15
7 15
8 15
9 15
10 15
11 15
12 15
13 15
14 15
15 15
-15 16
-14 16
-13 16
-12 16
-11 16
-10 16
-9 16
-8 16
-7 16
-6 16
-5 16
-4 16
-3 16
-2 16
-1 16
0 16
1 16
2 16
3 16
4 16
5 16
6 16
7 16
8 16
221
288
343
225
254
99
141
94
166
242
135
314
378
189
86
50
203
57
135
76
57
83
163
211
98
94
213
172
375
331
190
297
99
63
156
140
92
65
91
225
244
201
143
132
140
82
186
84
180
108
118
79
46
73
60
165
95
70
121
147
81
104
151
78
62
51
36
66
95
113
300
275
371
86
89
72
81
163
67
123
118
228
164
165
152
131
162
321
226
281
343
224
260
94
134
97
163
232
128
325
389
188
75
44
205
40
132
81
47
89
175
213
96
94
214
173
358
337
197
293
101
63
144
135
93
72
95
217
233
201
136
131
142
89
186
65
177
118
13
68
52
83
50
165
97
36
115
159
57
101
151
61
40
31
51
70
87
112
297
271
362
86
76
65
84
171
56
123
133
236
173
159
144
129
164
328
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h k [ 10Fo 10Fc 10s
9 16
10 16
11 16
12 16
13 16
14 16
15 16
-14 17
-13 17
-12 17
-11 17
-10 17
-9 17
-8 17
-7 17
-6 17
-5 17
-4 17
-3 17
-2 17
-1 17
0 17
1 17
2 17
3 17
4 17
5 17
6 17
7 17
8 17
9 17
10 17
11 17
12 17
13 17
14 17
-13 18
-12 18
-11 18
-10 18
-9 18
-8 18
-7 18
-6 18
-5 18
-4 18
-3 18
-2 18
-1 18
0 18
1 18
2 18
3 18
4 18
5 18
6 18
7 18
8 18
9 18
10 18
11 18
12 18
13 18
-12 19
-11 19
-10 19
-9 19
-8 19
-7 19
-6 19
-5 19
-4 19
-3 19
-2 19
-1 19
0 19
1 19
2 19
3 19
4 19
5 19
6 19
7 19
8 19
9 19
10 19
11 19
12 19
221
390
64
139
89
67
119
71
18
133
60
117
79
266
139
318
206
251
91
104
170
155
61
169
149
152
29
54
116
209
138
147
125
66
103
81
74
65
104
105
100
81
158
139
222
126
134
72
168
151
150
64
71
236
65
123
170
108
111
142
158
38
64
110
148
87
55
0
103
77
191
172
132
117
140
61
183
209
120
97
108
112
50
124
60
158
86
54
218
386
50
135
79
51
107
58
3
152
60
111
77
260
125
322
203
251
91
88
162
158
60
165
149
145
30
45
115
210
126
138
109
41
78
81
54
59
86
99
98
61
164
128
220
121
129
67
168
162
153
77
71
231
56
115
151
112
91
151
149
40
44
105
149
88
27
16
111
10
191
164
128
101
137
53
180
207
115
92
102
100
11
122
25
175
88
39
168
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h k L lOFo 1OFc 10s
-10 20
-9 20
-8 20
-7 20
-6 20
-5 20
-4 20
-3 20
-2 20
-1 20
0 20
1 20
2 20
3 20
4 20
5 20
6 20
7 20
8 20
9 20
10 20
-8 21
-7 21
-6 21
-5 21
-4 21
-3 21
-2 21
-1 21
0 21
1 21
2 21
3 21
4 21
5 21
6 21
7 21
8 21
-4 22
-3 22
-2 22
-1 22
0 22
1 22
2 22
3 22
4 22
0 1
1 1
-1 2
0 2
1 2
2 2
-2 3
-1 3
0 3
1 3
2 65
2 121
2 67
2 72
2 63
2 196
2 82
2 81
2 107
2 140
2 46
2 134
2 152
2 57
2 91
2 62
2 87
2 51
2 85
2 78
2 101
2 84
2 35
2 144
2 56
2 108
2 61
2 119
2 66
2 54
2 48
2 104
2 115
2 76
2 0
2 74
2 50
2 130
2 85
2 106
2 14
2 92
2 82
2 174
2 126
2 69
2 73
3 43
3 154
3 111
3 107
3 155
3 197
3 55
3 183
3 230
3 271
3 335
3 429
3 75
3 84
3 413
3 358
3 460
3 450
3 277
3 202
3 229
3 132
3 43
3 264
3 371
3 387
3 203
3 100
3 272
3 145
3 128
3 48
3 46
3 49
3 44
3 147
3 204
3 76
3 77
3 136
3 256
29
122
59
54
58
206
72
70
107
134
50
121
139
9
88
29
86
7
83
61
77
73
75
126
30
105
60
109
32
51
30
92
121
81
20
43
57
120
61
93
26
95
69
177
127
49
70
25
152
106
104
157
187
49
176
215
251
342
430
76
75
399
340
451
441
268
194
215
137
48
246
356
380
188
101
253
134
127
44
52
45
33
139
199
63
71
133
254
h k I 10Fo 1OFc 10s
6 6
-6 7
-5 7
-4 7
-3 7
-2 7
-1 7
0 7
1 7
2 7
3 7
4 7
5 7
6 7
7 7
-7 8
-6 8
-5 8
-4 8
-3 8
-2 8
-1 8
0 8
1 8
2 8
3 8
4 8
5 8
6 8
7 8
8 8
-8 9
-7 9
-6 9
-5 9
-4 9
-3 9
-2 9
-1 9
0 9
1 9
2 9
3 9
4 9
5 9
6 9
7 9
8 9
9 9
-9 10
-8 10
-7 10
-6 10
-5 10
-4 10
-3 10
-2 10
-1 10
0 10
1 10
2 10
3 10
4 10
5 10
6 10
7 10
8 10
9 10
10 10
-10 11
-9 11
-8 11
-7 11
-6 11
-5 11
-4 11
-3 11
-2 11
-1 11
0 11
1 11
2 11
3 11
4 11
5 11
6 11
7 11
8 11
250 249
35 19
217 222
114 116
189 192
89 86
254 244
233 231
253 260
174 161
171 164
127 116
46 28
107 112
188 190
257 263
101 97
109 109
185 190
158 167
119 119
290 283
447 435
260 249
124 120
177 184
60 56
127 127
176 179
132 135
145 143
55 31
63 60
139 152
192 185
67 56
166 173
221 216
111 105
62 60
156 155
195 195
57 55
141 126
116 128
69 58
78 79
91 83
110 111
210 206
244 238
100 101
140 137
208 213
220 223
130 126
243 238
250 259
80 68
161 159
163 163
114 117
135 125
61 56
218 228
100 89
259 250
201 204
422 406
423 422
388 394
184 187
151 154
105 97
81 79
61 64
49 12
88 94
184 182
227 216
147 142
208 203
138 132
178 181
106 110
61 63
91 88
71 45
h k L lOFo lOFc 10s
9 11
10 11
11 11
-11 12
-10 12
-9 12
-8 12
-7 12
-6 12
-5 12
-4 12
-3 12
-2 12
-1 12
0 12
1 12
2 12
3 12
4 12
5 12
6 12
7 12
8 12
9 12
10 12
11 12
12 12
-12 13
-11 13
-10 13
-9 13
-8 13
-7 13
-6 13
-5 13
-4 13
-3 13
-2 13
-1 13
0 13
1 13
2 13
3 13
4 13
5 13
6 13
7 13
8 13
9 13
10 13
11 13
12 13
13 13
-13 14
-12 14
-11 14
-10 14
-9 14
-8 14
-7 14
-6 14
-5 14
-4 14
-3 14
-2 14
-1 14
0 14
1 14
2 14
3 14
4 14
5 14
6 14
7 14
8 14
9 14
10 14
11 14
12 14
13 14
14 14
-14 15
-13 15
-12 15
-11 15
-10 15
-9 15
-8 15
3 361
3 222
3 77
3 163
3 214
3 249
3 35
3 147
3 171
3 213
3 133
3 75
3 195
3 129
3 103
3 119
3 51
3 57
3 275
3 84
3 111
3 110
3 96
3 207
3 239
3 130
3 83
3 65
3 184
3 217
3 141
3 234
3 284
3 173
3 101
3 106
3 101
3 55
3 47
3 117
3 66
3 178
3 170
3 57
3 91
3 157
3 67
3 82
3 179
3 236
3 73
3 64
3 109
3 137
3 77
3 153
3 65
3 102
3 222
3 137
3 107
3 125
3 132
3 166
3 137
3 137
3 87
3 63
3 117
3 72
3 123
3 69
3 0
3 206
3 125
3 166
3 158
3 215
3 52
3 94
3 90
3 103
3 68
3 182
3 162
3 73
3 113
3 82
359
215
58
163
214
248
31
145
174
217
128
73
189
125
104
119
14
37
276
78
105
111
87
215
246
128
67
50
191
210
148
235
291
163
105
97
101
48
40
114
65
184
162
36
75
161
64
36
185
227
67
35
104
124
86
151
38
107
217
132
112
136
131
172
144
141
86
66
110
61
120
62
26
209
128
165
154
209
48
81
72
104
30
185
167
70
101
72
h k L lOFo lOFc lOs
-7 15
-6 15
-5 15
-4 15
-3 15
-2 15
-1 15
0 15
1 15
2 15
3 15
4 15
5 15
6 15
7 15
8 15
9 15
10 15
11 15
12 15
13 15
14 15
-13 16
-12 16
-11 16
-10 16
-9 16
-8 16
-7 16
-6 16
-5 16
-4 16
-3 16
-2 16
-1 16
0 16
1 16
2 16
3 16
4 16
5 16
6 16
7 16
8 16
9 16
10 16
11 16
12 16
13 16
-11 17
-10 17
-9 17
-8 17
-7 17
-6 17
-5 17
-4 17
-3 17
-2 17
-1 17
0 17
1 17
2 17
3 17
4 17
5 17
6 17
7 17
8 17
9 17
10 17
11 17
-10 18
-9 18
-8 18
-7 18
-6 18
-5 18
-4 18
-3 18
-2 18
-1 18
0 18
1 18
2 18
3 18
4 18
5 18
202
130
67
45
85
140
102
54
96
194
123
0
114
81
92
126
183
57
99
64
69
101
78
54
75
47
83
170
117
62
75
53
69
32
43
153
137
126
84
205
77
135
108
236
52
107
145
137
122
76
57
154
108
218
107
139
65
123
155
280
106
161
122
95
51
133
90
155
112
99
124
53
103
77
168
98
67
119
174
103
118
101
94
147
113
59
126
174
198
130
70
43
74
142
111
56
89
204
122
12
115
87
85
121
193
49
96
55
62
96
83
22
47
44
53
167
122
59
82
44
53
18
43
148
137
123
77
203
57
134
104
231
50
93
134
143
109
54
64
160
90
229
104
136
60
111
152
279
114
169
111
100
42
135
83
160
114
91
118
50
95
60
164
82
68
113
170
93
113
94
69
147
113
45
134
184
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h k I lOFo lOFc lOs
6 18
7 18
8 18
9 18
10 18
-8 19
-7 19
-6 19
-5 19
-4 19
-3 19
-2 19
-1 19
0 19
1 19
2 19
3 19
4 19
5 19
6 19
7 19
8 19
-5 20
-4 20
-3 20
-2 20
-1 20
0 20
1 20
2 20
3 20
4 20
5 20
0 0
0 1
1 1
-1 2
0 2
1 2
2 2
-2 3
-1 3
0 3
1 3
2 3
3 3
-3 4
-2 4
-1 4
0 4
1 4
2 4
3 4
4 4
-4 5
-3 5
-2 5
-1 5
0 5
1 5
2 5
3 5
4 5
5 5
-5 6
-4 6
-3 6
-2 6
-1 6
0 6
1 6
2 6
3 6
4 6
5 6
6 6
-6 7
-5 7
-4 7
-3 7
-2 7
-1 7
0 7
1 7
2 7
3 7
4 7
5 7
93
80
41
108
78
197
90
104
78
152
76
106
158
127
156
110
118
71
76
92
51
66
61
68
70
53
47
91
108
61
59
101
62
567
177
164
453
175
237
164
237
261
245
166
147
58
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93
118
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123
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34
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16
127
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118
0
77
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94
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47
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81
127
57
76
19
58
70
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46
42
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47
191
59
105
75
138
69
108
162
135
164
131
109
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60
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51
46
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50
8
48
83
104
63
68
82
37
563
178
163
457
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252
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272
254
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90
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188
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19
36
94
156
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5
127
100
101
186
28
139
106
119
178
127
123
7
65
83
135
53
155
243
94
201
48
140
156
80
135
61
88
14
49
74
169
Table 6. Observed and caLculated structure factors for 1
h k I lOFo lOFc lOs
6 7 4 81 71 3
7 7 4 133 125 2
-7 8 4 186 186 1
-6 8 4 206 196 3
-5 8 4 96 88 2
-4 8 4 19 35 18
-3 8 4 87 82 4
-2 8 4 77 86 6
-1 8 4 83 72 4
0 8 4 140 132 2
1 8 4 80 73 6
2 8 4 113 111 1
3 8 4 108 105 3
4 8 4 51 48 5
5 8 4 176 173 1
6 8 4 106 99 3
7 8 4 208 208 3
8 8 4 129 129 4
-8 9 4 143 147 3
-7 9 4 184 183 2
-6 9 4 259 267 5
-5 9 4 48 46 13
-4 9 4 127 123 3
-3 9 4 76 81 4
-2 9 4 112 124 4
-1 9 4 49 59 7
0 9 4 88 82 5
1 9 4 90 82 3
2 9 4 107 110 2
3 9 4 108 110 3
4 9 4 127 136 3
5 9 4 132 144 4
6 9 4 161 162 2
7 9 4 167 168 3
8 9 4 210 210 2
9 9 4 235 238 3
-9 10 4 119 120 4
-8 10 4 224 219 4
-7 10 4 227 226 3
-6 10 4 186 186 4
-5 10 4 40 54 19
-4 10 4 128 130 3
-3 10 4 147 143 3
-2 10 4 72 74 6
-1 10 4 57 55 2
0 10 4 129 125 3
1 10 4 133 137 2
2 10 4 168 157 2
3 10 4 96 87 2
4 10 4 182 178 1
5 10 4 92 80 4
6 10 4 49 45 7
7 10 4 59 50 7
8 10 4 191 177 6
9 10 4 57 36 11
10 10 4 136 136 2
-10 11 4 155 146 2
-9 11 4 66 40 15
-8 11 4 106 106 3
-7 11 4 103 91 6
-6 11 4 228 234 2
-5 11 4 97 99 9
-4 11 4 157 164 3
-3 11 4 93 72 6
-2 11 4 73 65 9
-1 11 4 39 17 14
0 11 4 76 56 3
1 11 4 83 73 5
2 11 4 90 92 3
3 11 4 81 70 7
4 11 4 120 115 1
5 11 4 174 172 2
6 11 4 46 36 10
7 11 4 103 109 6
h k lOFo lOFc lOs
8 11 4 216 216 4
9 11 4 142 142 8
10 11 4 124 105 10
11 11 4 15 8 14
-11 12 4 91 52 13
-10 12 4 51 36 7
-9 12 4 102 92 6
-8 12 4 68 65 15
-7 12 4 58 54 6
-6 12 4 161 157 2
-5 12 4 129 131 5
-4 12 4 84 73 8
-3 12 4 65 52 5
-2 12 4 107 110 5
-1 12 4 164 164 3
0 12 4 66 34 10
1 12 4 57 45 6
2 12 4 58 51 7
3 12 4 68 50 6
4 12 4 53 43 10
5 12 4 124 115 6
6 12 4 59 62 3
7 12 4 125 118 5
8 12 4 78 84 4
9 12 4 67 72 5
10 12 4 64 44 4
11 12 4 71 71 6
12 12 4 65 28 5
-12 13 4 85 83 10
-11 13 4 49 36 40
-10 13 4 120 120 2
-9 13 4 85 85 6
-8 13 4 98 103 3
-7 13 4 86 85 13
-6 13 4 79 53 18
-5 13 4 56 59 10
-4 13 4 125 118 4
-3 13 4 57 45 5
-2 13 4 66 65 4
-1 13 4 76 61 3
0 13 4 76 66 6
1 13 4 149 149 4
2 13 4 72 55 6
3 13 4 152 136 1
4 13 4 50 38 10
5 13 4 67 43 7
6 13 4 151 140 3
7 13 4 52 52 4
8 13 4 77 57 27
9 13 4 35 22 34
10 13 4 41 32 16
11 13 4 89 84 14
12 13 4 106 88 14
-11 14 4 51 55 13
-10 14 4 48 20 9
-9 14 4 85 79 10
-8 14 4 123 117 3
-7 14 4 80 67 8
-6 14 4 71 69 8
-5 14 4 76 35 16
-4 14 4 94 93 2
-3 14 4 64 53 3
-2 14 4 66 45 4
-1 14 4 50 28 12
0 14 4 62 14 12
1 14 4 195 193 3
2 14 4 118 128 3
3 14 4 69 60 10
4 14 4 154 157 4
5 14 4 41 33 12
6 14 4 145 144 5
7 14 4 84 72 4
8 14 4 54 43 11
9 14 4 114 110 11
h k lOFo lOFc 10s
10 14 4 102 91 8
11 14 4 107 96 4
-10 15 4 57 53 13
-9 15 4 51 38 23
-8 15 4 62 33 23
-7 15 4 39 53 38
-6 15 4 95 76 4
-5 15 4 72 52 4
-4 15 4 70 91 4
-3 15 4 88 77 6
-2 15 4 66 60 12
-1 15 4 104 104 7
0 15 4 88 69 7
1 15 4 74 43 3
2 15 4 143 147 5
3 15 4 78 76 6
4 15 4 66 46 5
5 15 4 95 85 6
6 15 4 92 81 28
7 15 4 47 57 7
8 15 4 88 58 8
9 15 4 43 27 42
10 15 4 36 21 35
-8 16 4 117 107 3
-7 16 4 63 63 11
-6 16 4 0 38 -1
-5 16 4 89 79 5
-4 16 4 27 29 26
-3 16 4 64 71 6
-2 16 4 101 94 10
-1 16 4 118 121 2
0 16 4 73 58 15
1 16 4 177 183 5
2 16 4 145 139 3
3 16 4 93 91 4
4 16 4 162 153 3
5 16 4 147 148 2
6 16 4 65 58 5
7 16 4 63 47 6
8 16 4 43 34 13
-617 4 72 64 6
-5 17 4 64 68 20
-4 17 4 96 98 6
-3 17 4 58 43 35
-2 17 4 55 20 54
-1 17 4 179 174 6
0 17 4 127 112 12
1 17 4 140 134 4
2 17 4 60 16 15
317 4 74 73 5
4 17 4 106 98 12
517 4 84 66 7
6 17 4 94 75 15
-1 18 4 56 34 12
0 18 4 152 161 3
1 18 4 93 88 9
0 1 5 263 257 2
1 1 5 322 324 4
-1 2 5 131 118 5
0 2 5 235 231 2
1 2 5 104 84 7
2 2 5 150 151 5
-2 3 5 96 99 3
-1 3 5 221 214 5
0 3 5 187 183 4
1 3 5 129 122 11
2 3 5 0 45 -1
3 3 5 108 100 2
-3 4 5 67 39 7
-2 4 5 131 130 5
-1 4 5 112 102 4
0 4 5 234 225 7
1 4 5 133 117 4
2 4 5 68 64 5
h k I lOFo lOFc lOs
3 4 5 70 59 7
4 4 5 108 117 9
-4 5 5 74 33 6
-3 5 5 41 34 19
-2 5 5 116 122 2
-1 5 5 53 63 11
0 5 5 78 61 4
1 5 5 203 202 3
2 5 5 37 34 14
3 5 5 84 88 2
4 5 5 54 28 8
5 5 5 149 149 4
-5 6 5 58 46 8
-4 6 5 119 115 8
-3 6 5 40 39 14
-2 6 5 80 66 9
-1 6 5 83 67 5
0 6 5 202 186 4
1 6 5 87 67 7
2 6 5 148 149 6
3 6 5 149 146 3
4 6 5 131 127 2
5 6 5 173 164 2
6 6 5 95 80 8
-6 7 5 121 115 5
-5 7 5 86 85 5
-4 7 5 47 28 6
-3 7 5 114 118 2
-2 7 5 85 74 6
-1 7 5 91 76 8
0 7 5 174 168 4
1 7 5 74 50 5
2 7 5 84 86 4
3 7 5 62 27 8
4 7 5 105 95 3
5 7 5 55 42 4
6 7 5 151 153 2
7 7 5 148 150 5
-7 8 5 78 51 7
-6 8 5 101 115 3
-5 8 5 99 103 7
-4 8 5 69 46 6
-3 8 5 100 81 5
-2 8 5 136 144 7
-1 8 5 126 110 4
0 8 5 23 23 23
1 8 5 98 88 6
2 8 5 22 1 22
3 8 5 149 138 5
4 8 5 122 108 7
5 8 5 164 164 2
6 8 5 182 177 2
7 8 5 100 65 12
8 8 5 61 37 18
-8 9 5 148 147 5
-7 9 5 95 88 5
-6 9 5 85 96 4
-5 9 5 138 126 7
-4 9 5 54 34 7
-3 9 5 154 149 3
-2 9 5 125 116 4
-1 9 5 112 99 3
0 9 5 102 81 6
1 9 5 97 75 5
2 9 5 82 73 5
3 9 5 73 83 3
4 9 5 98 65 10
5 9 5 118 96 4
6 9 5 119 121 13
7 9 5 50 4 12
8 9 5 128 124 2
9 9 5 78 71 10
-9 10 5 69 59 7
-8 10 5 68 69 5
Page 8
h k I lOFo 1OFc lOs
-7 10 5 75 71 14
-6 10 5 97 101 3
-5 10 5 118 103 12
-4 10 5 100 86 15
-3 10 5 145 140 5
-2 10 5 113 107 5
-1 10 5 82 83 7
0 10 5 67 56 15
1 10 5 105 90 4
2 10 5 95 100 6
3 10 5 90 65 6
4 10 5 123 108 5
5 10 5 64 42 11
6 10 5 103 94 10
7 10 5 58 7 13
8 10 5 66 33 19
9 10 5 86 81 6
-8 11 5 104 84 3
-7 11 5 121 109 3
-6 11 5 101 51 24
-5 11 5 54 50 10
-4 11 5 73 53 13
-3 11 5 133 128 6
-2 11 5 87 61 6
-1 11 5 59 35 6
0 11 5 48 33 5
1 11 5 57 12 12
2 11 5 66 65 6
3 11 5 137 124 3
4 11 5 161 163 3
5 11 5 80 97 7
6 11 5 69 33 4
7 11 5 68 3 6
8 11 5 62 17 12
-6 12 5 72 55 10
-5 12 5 39 28 14
-4 12 5 83 77 4
-3 12 5 67 51 8
-2 12 5 97 86 7
-1 12 5 81 70 8
0 12 5 81 80 7
1 12 5 66 13 10
2 12 5 53 6 13
3 12 5 129 124 4
4 12 5 63 39 7
5 12 5 89 80 10
6 12 5 76 71 11
-4 13 5 45 51 9
-3 13 5 41 33 8
-2 13 5 81 52 5
-1 13 5 98 79 6
0 13 5 112 102 4
1 13 5 109 94 5
2 13 5 67 45 3
3 13 5 91 67 4
4 13 5 96 114 9
0 0 6 146 136 5
0 1 6 97 84 6
1 1 6 94 75 13
-1 2 6 129 127 8
0 2 6 101 43 15
1 2 6 146 141 4
2 2 6 82 47 7
-2 3 6 106 89 5
-1 3 6 89 72 9
0 3 6 74 65 10
1 3 6 86 71 6
2 3 6 30 40 8
3 3 6 84 53 3
-2 4 6 140 120 7
-1 4 6 67 46 6
0 4 6 104 80 9
1 4 6 124 111 3
2 4 6 50 25 16
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Appendix B Photoreductions of 1H and 13C NMR spectra of important intermediates
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